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DISSERTATION SIXTH. 



MATHEMATICAL AND PHYSICAL SCIENCE. 



CHAPTEB I. 

INTRODXrCTORY. 
§ 1. On the Plan of tkie Dissertation. 



(I.) THBTearlSSOmaybe said to complete the Third cen- 
Modtrn tujy of modem scientific progreBS, or the Fourth if 
la s^mL ^* include its earliest dawn. To each of these ages 
of discOTery may be assigned a peculiarity in the cha- 
racter of its improvements, and even in the methods 
which -conduced to that improvement. 
(3.) Between 1450 and 1550 (a period so distinguished 

Pariod in letters and the arts), some great truths in physics 
HBO-ieao. im^ mathematics had presented themselves to a few 
precocious minds, yet they had not received any 
public acknowledgment, nor perhaps an adequate de- 
monstration. Algebra then first became a science. 
Leonardo da Vinci made the earliest steps since the 
time of Archimedes, in rational mechanics, and Co- 
penlicns almost at the close of this period promul- 
gated the true system of the world. 
(3.) But the next centenary (1550-1650) was the first 

Period of true scientific activity. Its characteristic feature 
" ^^' was the vindication of obaervation and experiment as 
the prime essentials to the increase of natural know- 
ledge, with the consequent repudiation of the dogmas 
of the schoolmen, and the baseless methods of d priori 
reasoning. The men of science formed a goodly array 
at this stirring time ; and signal were their triumphs. 
Galileo was beyond all comparison the glory of his 
age. His sagacity, his knowledge, his versatility of 
talent, his ingenuity ns an inventor, his success in 
proeecudng his discoveries, and his zeal and elo- 
quence in making known their importance, gave him 
an enviable pre-eminence even amidst a mighty gene- 
ration. Bacon laid down the canons of a new method 



in philosophy which Gilbert and Kepler, as well aa 
Galileo, had already acted on. Napier and Descartes 
prepared for the general application of mathematics 
in the coming struggle. 

The hundred years which next succeeded (1650- (*■) 
1760) saw the triumphant application of mathema- ^^^i;5q 
tics to Mechanics and Physics, and the establishment 
of the greatest mechanical theory of any age, that of 
Gravitation. The preparatory labours of a hundred 
and fifty years were brought, chiefly by the unparal- 
leled sagacity and genius of Newton, to a^^peedy and 
dazzling climax. His success brought numerous and 
worthy labourers into the field, but they found enough 
to do in gathering in the harvest which, he had pre- 
pared for tbem. 

If we look for the distinguishing characteristic of (5.) 
the centenary period just elapsed (1750-1850), ^e^'J^^gj^ 
find it in this, — that it has drawn far more largely 
upon Experiment as a means of arriving at truth than 
hod previously been done. By a natural conversion 
of the process, the knowledge thus acquired has 
heen applied with more freedom and boldness to 
the exigencies of mankind, and to the farther in- 
vestigation of the secrets of nature. If we com- 
pare the now extensive subjects of Heat, Electri- 
city, and Magnetism, with the mere mdiments of 
these sciences as understood in 1750, or if we think 
of the astonishing revival of physical and experi- 
mental Optics (which had well nigh slumbered for 
more than a century) during the too short lives of 
Toung and Fresnel, we shall he disposed to admit 



y Google 



800 MATHEMATICAL AND PHYSICAL SCIENCE. [Dim. VI. 

the former part of the statement ; and when we recol- of observation, and becaose, by the pabUcation of th* 
lectthatthesameperiodhasgivenbirth to the steam- Xieamqut CiUtte, LapUce had rendered avail able J*6c"lq'» 
engine of Watt, with its application toBhipping and and precise the masses of scattered research acco- 
Toilways, — to the gipiritic telescopes of Herscfael and mnlated by the labours of a century since the close 
Lord Rosse, wonderful as works of art as well as in- of Newton's career of discovery. It was in some 
stmments of sublime discovery, — to the electric tele- sense a new book of " Prindpia," — not, indeed, 
graph, and to the tubular bridge, — we shall be ready the work of one, bnt of many ; nor of a few years, 
to grant the last part of the proposition, that science but of two generations at least. Still there it was, 
and art have been moi% indissolubly united than at a great monument of successful toil, which, like ita 
any previous period. prototype, was for many years to be studied, even by 
(6.) The Dissertation of Professor Flayfair closes with minds of the highest order, rather than to be enlarged, 
^'"^"f the period of Newton; that o^Sir John Leslie, pro- But the other branches of Natural Philosophy (9.) 
uOntt. fessedly devoted to the history of the eighteenth cen- were now to make a stride, such as perhaps no pre- Eiperi- 
tnry, embraces some matters which belong more ceding time had witnessed. The science of Optics {<i,y,[cg_ 
properly to those which preceded and followed it. was speedily expanded almost twofold, both in its 
After considering how I might best carry out the plan facts and in its doctrines. Galvanic Electricity dis- 
of these essays, I have adopted the period from about closed a series of phenomena not less brilliant and 
the year 1775 to 1850 as the general limit of my unexpected in themselves than important from the new 
review. We may imagine this period, of three quar- light they threw on the still dawning science of che- 
ters of a century preceding the present time, to be mistry, and from the power of the tool which they 
divided into three lesser intervals of 26 years each, placed in the hands of philosophers. Before the 
which have also some peculiar features of their own. first quarter of the present century closed, the import- 
(7.) From 1776 to 1800 many branches of science still ant and long suspected connection between Electricity 
CbBnct«r continued in the comparatively inert state which cha- and Magnetism was revealed, and its immediate con- 
gf ^,* ^^racterized a great part of the eighteenth century, sequences had been traced out with almost unpa- 
cuntar;. There were, however, two or three notable excep- ralleled ingenuity and expedition. The basis of the 
tions. One was the continued successful solution of science of Badiant Heat, slightly anticipated by the 
the outstanding difficulties of the Theory of Gravity philosophers of the eighteenth and even the seven- 
applied to the moon and pjftiets, a task in which the taentb centuries (Lambert and Mariotte), was finally 
continental mathematicians, and of these, in chief, laid in a distinct form, assigning to the agent| heat, 
Lagrange and Laplace, had no rivals, or even coad- an independent position dissociated from grosser 
jutors, on this side of the channel: Another was the matter, such as light had long enjoyed. Astronomy, 
foundation of Sidereal Astronomy by Sir William though enriched on the very first night of the new 
Herschel ; and the last was the commencement of a century by the discovery of a small planet, the he- 
system of Chemical Philosophy based on new and im- raid of so mauy more of the same class, made per- 
portant experiments, and including the laws of heat haps less signal progress ; bnt Chemistry, besides the 
in GomUnation with matter, which at that period very aid it received from the invention of the pile, had & 
naturally ranged themselves within the province of triumph peculiarly its own in the addition of the 
the chemist In this department two British and comprehensive doctrine of Definite Proportions, des- 
one foreign name stand conspicuous. Black, Caven- tined to throw at some later time a steady light on 
dish, and Lavoisier. 1 do not of course mean to affirm the vexed question of the constitution of matter, 
that other branches of science were not cultivated The great number of scientific names of the first or- 
with success within the exact period of which wo der of merit concerned in these numerous discoveries 
speak. Electricity, for instance, first statical, after- marks the extraordinary fertility of the period. They 
wards that of the pile, had a share in the discoveries are imperfectly comprehended in the following list : 
and speculations of the time. But these were rather Toung, Mains, Sir David Brewster, Fresnel, and 
themereextensionilf what had previously been thought Arago ; Volta, Dalton, Davy, and Oersted; Prevost, 
of; or thefirstdawnoffutureimportantresultsjwhose Leslie, and Fourier; Gauss, Ivory, Gibers, Bessel, 
development fills a large space in the succeeding story, and Encke. 

Volta and his inventions belong rather to the nine- Of the twenty-five years just elapsed, it is not so (lo.) 

teenth than to the eighteenth century, easy to speak with precision. The voice of criticism f^^^g.Q 

(8.) The first quarter of the present century attained may bo fmrly uttered with that reserve which every 

rhsraewr a higher and more universal celebrity. Scarcely a one must feel in speaking of his immediate contem- 

perlod hranch of physical science but received important poraries. Yet it may perhaps be stated without 

iSOO-iaSE. and even capital additions. Physical Astronomy in- just cause either of of^nce or regret, that it has not 

deed, no longer filled so large a space in the page of on the whole been characterized by the full maturity 

discovery, simply because the exhaustive labours of of so many commanding minds. Of the great dis- 

the geometers of the former period had brought it to coverers of the former period, several survived and 

a st^e of perfection nearly co-ordinate with the means continued their efficient labours during no small por- 
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, to 

lances •.'■hvr\. 
id, as it frere, rat ■. 
da of the Mechanical -j » -JU^-s 
^licAi oalled tliem forth are eome^ ... 
in those which are active in more - 
l.ough scarcely more difficult, stadiea. 
,1- ^ DCtioDol wealtb, numben, and enterprise, 
.' jiutants unlike the laurels, of even the golden 
,.As of academies, and the quiet applause of a few 
Lodious men. Bn^ the result is not less real, and 
* the adronce of Ichowledge scarcely more indirect. 
.J The masterpieces of civil engineering — the Steam 
light Engine, the Looamotive Engine, and the Tubulai 
Bridge — ore only azperimente on the powers of nature 
on a gigaatic: scole^ and are aot to be compassed 
>v^^iviit indnetiTe skill as r^nsrkable and as trulj 
rist.', -P'l, !' ■- ■-h'"j' '■■!<' -I- ii-y «ff"tt which the man of sdence 
. .. pld] »pl)et j; i.:.B uxa't^ sBW^aiy^f' ori^fiT.afion of p:aat theories, of 
^ ,, who fortifii»*Mj^*t# TT*iich one t two in> hlin^r-.l ^..:r, ipay be con- 
^1 daportment, mads^tb^ sMrc^J as ^ liiwral allow;"' i^V Ui/'.f ""wi we 
..iKuat nnbroken period of dis- elfdip for Watt a phci^ amrnggk tha ^ciniiic'iitrctr^iHH^ 
.etit, too, has been successfully butors to the progress of 8ci<'iic:i> in the eighteenth 
jjorn comparable perhaps to those century, we must reserve a similiir onti fur the Ste- 
- ,is ^st rise as a eraence, and some phensons and the Brunels of the prea«iit: and 
ootaneoted with heat have risen into whilst we are proud of the changes wrought by the . 
pntotical oonsoquaioe. Astmnomy has increase of knowledge during the lost twenty-five 
^4^eruced with a systematic assidnhj and sue- years on the face of society, we must recollect that 
.. , espr^lly at the Britdah and Russian national these very changes, and the inventions which have 
.servatories, which yields to that of no former pe- occasioned them, have stamped perhaps the most 
riod, whilst physical astronomy has been cultivated characteristic feature — its intense prac^caloess — on 
/ by methods of still improved analysis, and has the science itself of the same period, 
achieved one triumph which France need not grudge' 

to England, nor England to France,-~ga signal as Having thus briefly reviewed the course of dUoo- (IS.) 
to be placed by oominon consent in a position su- very since the latter portion of the eighteenth century, ^'!j"^ 
perior to any since the first pubUcation of the theory I proceed in the succeeding chi^tera to attempt to gf SdancB 
of gniTitation, more than a century and a half be- aketoh it more in detail, dividii^^ the sciences into In thU 
fore. This was the prediction of the position in groups, and in each of these eodeavouriug to present ^'—l- 
space of a pfanet whose existence was unknown ex- a liroly view of its ^'ogress by connecting it with 
I cept by the disturbance which it produced in the the individual career of the eminent men who have 

IfagMttn. movements of another. Terrestrial Magnetism has, most contributed thereto, and introducing collaterally 
for the first time, aspired to the rank of an exact the chief reaolts obtained by their contemporaries, 
sdenoe. In an illustrious philosopher of Germany, In this manner I hope, on the one hand, to escape the 
it has found its Eepler ; and the combination of na- formality of a history of science, and the meagre de- 
tionsl efforts in collecting reliable data from the re- taU which our limits would prescribe to so vast a sub- 
motest comers of the globe is characteriitic of the jcct ; and on the other to be enabled to impress upon 
Cbfluiitrj. practical energy of the age. Pure Chemistry has the reader (as seems to be the design of these Essays) 
been cultivated with extraordinary assiduity ; but the leading facta and features of discovery in every 
though some general principles have emerged, none age, together with the intellectual characteristics ot 
are comparable, from their importance, to the dis- the greatest minds which contributed to it. 
covery of Dalton. To cite, then, at present, but a 

few names, amongst the moat conapicuoua benelac- It is vrithno overweening confidence that I lay the (is.) 
TOL. I. 61 
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^.'-i'ry attem" , 

,'f(^at it 13 {a.T\ , 

j» «i omission, than'-. ." 
,-rfTOr the exceeding difficulty " 
- 'Undertaking. I have but one griy" ^ 
and that is so strong, that I trnat _ . 
calmly to meet CTcry just critical reflecfei 
coDscibas of having written in a spirit' of ., 
impartiality whether as regards persons or buK 
and that I have exercised to the fiill amount of- 
opportunities what powers of judgment I possess' 
I have striven to speak judicially and historically '♦^ 
wliether of ftiend or stranger, the dead or the living, aiv 
Englishman or Foreigner. What 1 have felt the leave*' 
most constant effort, has been the needful exclusion solely lo^' 
of mcritoriouB names, far more numerous than those has beenl..^ , 
especially included and dwelt upon in these pages, the composittv, 
But this has appeared to me the cardinal point.6f It will be s ^ 
my whole plan. The labourers iij-seiffl(ffi"feavSBpen that I have devi^. 
'n these latter days soimjaijo^S^that had I noticeV-^^^'Vf °>-7 t"o ( 



m} pages must have been crowded bynames Play&ir and Sir John LesI 
and titles of books. Even with the extension of bulk mer, which is the more finiaht 



erio^< 



even brie^^^g^gfj ^i(ewho had made a real step in composition of the Disserf .^ 

i finis 
to which this essay has gradually and unavoidably admirably adapted to the perioa ^ 
grown (nearly double of its projected amount), the science of which he had principally.^ 
reader would rather have been bewildered than led by period, namely, <^ Galileo, Bacon, r>^ 
the perusal of such a catalogue. Besides, since such Leibnitz. But the amount of material ^. 
a brief historical synopsis forms very generally an in- and the principle of selection waa also mncbn^ 
troduction to the Beveral articles of the Encyclopfedio, The positive science of that age might almost oCx 
to repeat it all here would have been but a tedious re- duced to two heads. Astronomy, including ita raech&x 
dundancy. I4'o one conversant with such matters will nical principles, and Optics. It was an ^e not more ^ 
imagine that I have saved myself any labonr by this distinguished for the Truths it disclosed, than for "-^ 
particularity of selection. On the contrary, it would the invention and right appreciation of the Methods N 
have coat no effort to enumerate under each subject of Discovery. Inductive Logic, and Mathematical ' 
the living or recently deceased authors upon it who Logic applied for the first time to dynamics, very 
are best known ; such a detail must have left a vague justly claimed a place in a dissertation on the pro- 
and shadowy impression on the mind of the general gress of science, in a period when these preliminary 
reader, and when regard is paid to the necessary limits doctnnes and discoveries were the stepping stones 1^ 
oftheessay, and the multitude of technical details and which even the basement story of the Temple of 
technical words which there is no space to define and Kature could alone be reached. The Philosophy of 
illustrate, it is plain that the perusal must have been Bacon and the discovery of Fluxions, occupied there- 
rendered as dry and unpalatable to those who seek fore, with much reason, a large portion of Professor 
general and elementary yet clear ideas, as it would Playf^r's beautiful Dissertation ; and it is impossible 
have been tantalizing and unsatisfactory to the ac- to regret that an intellect so admirably qualilied for 
complished student, or to the man of science in tracing and displaying the intimate and historical 
search of particular historical details. connection of branches of knowledge so varied in 
The end at which I have aimed is to select the their principles and character, should have been thus 
more striking land-marks of progress in each subject congenially employed, to the delight and edification 
in each age, and endeavour to connect them with, the of readers of every degree of acquirement from the 
character and position of all the more eminent dis- highest to the humblest.' 
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jA'b of my 

^itude and 

>tfc person could 

^(iglil: to be treated, 

tliat person. 

succesafiil one — ^hos (19.) 
to unite two of the ^^""B* "* 
_^n the History and the „|j y, ^^^ 
.uctive Sciences. An English wtMilL 
' fietivX Tersatility, industry, and 
^ a permanent monument to his 
t. ToluminouB work bearing the pre- 
A slight inspection of that work will 
impracticable and self-destructire a plan it 
have been to attempt anything like a syate- 
abridgment of such a mass of &ct8 and specu- 
lations niUiin our present limits. Mr J. Stuart Mill 
has also published a work bearing on the origin of 
our scientific knowledge, diametrically opposed in 
ih't be prindple to the preceding one, yet marked by great 
,^m% with ability." Such disquisitions belong more properly 
jewton's age, to vhe philosopl.j' ii ^^'3 human mind than of phy- 
^.netween wriu wjn. Altur all, be it reiue:nbered that whatever has 
Moa and that of ther been leamt or dis^u-- <! rnnccntin'r the means of 
^ arriving ai truth in iiaWira! Sfience, it ia not pr«- 

.^e undertaking, then, tended that we have recently becu.'ie-poasetsuj of 
entering upon the cog- any canons or rules of discovery supcrs-^ing vfi<-3C 
[sclnct, subjects of the Logic fundamental principles of olxcrvation and experi- 
and the progreaa of the Pure ment bo well laid down by Bacon, and practised buih 



^ 



Ota <a iciaiice wera cot bo mukod mnd canai- Chanuster 
of diicoTerera nbronicled Id the aaecaeditigofProfauar 
yivmoris an, naTerthalen, desarriug of notice, and iodirectly wera pgrliapi hardly Ie«a benaficial. Ha vai • moit Playfair. 
.A admiring atudant of tha greatat maSieniBtical writan of his tlma, and, when we conildar the lingolarlj backward 
^lat ■clcDce in Onat Britain about the end of tbe lut and commencsiDBDt of tba prstent caaturj, it was of no alight im- 

Jice (o find a man placed in the poaitioD of a public initructor able and willing to direct attention to the aplendjd achieve- 
jD^a of the continental matbematiciaca. B; hia lecture* both on Matbematic* and Natural Philosophy— bj bislamiuoua articles 
.:a the Edinburgh Stvitw — by tome of hia original papers in the Trantactiont aflht Royal Socitti/ of Edinburg/i — he contributed 
to this useful end, and would have done ao atlll farUier had he been enabled to complets tha Dissertation which be ta ablj com- 
menced. Ha had an excellent mathematical capacity, and mathematical latU, rather than pauiir. Hii eiplanationa, even of 
matters of inherent difflculty, are perspicuous and popular, qualltlea poasesaed by few of his contemporariea. Hia stjle baa been 
pronounced b; the bigheit authoritiea to be a model of ctearneaa and eloquence. He waa eitensively mad in sabjecti of meta- 
physica and murals, aa well aa of pure science : and bj a comblaation of talent rare, I am iuclinad to aay, In a high degree, hii 
taste, thoagh eminentlj mathematical, waa also directed, with signal success (at flrat through his intimate friendship for Dr Hutlon), 
to the very opposite studies of Geology and Physical Gnographj, which may be said to have been tha eubjects of hi* predilection 
during the la»t twenty years of his life. Hor were these labours of the closet merely ; he waa far more intimately versed in the 
mineral structure of the earth, from abeervatlon, than anj except a few professed gcologisls ; and he exceeded them all in the 
ability with which he expounded and maintained the striking doctrine* of the Outtoniao theory. Though professedly the " illus- 
trator" of the principles speclQcally but obscurely laid down by Button, he certainly added much of his own. There is no rea- 
son to doubt that Playfair first apprehended the moving power of glacier* as geological agents in modifying the aurface of Alpine 
Oonntrie*, a matter which haa of late been so earnestly discussed by the ablest geologists. 

What adds to the singularity of tha combination of tastes and talents to which 1 have referred Is, that he appear* to hava 
bad the alighteat poasible taate for that art of experiment which be eloquently advocated, with Bacon, aa the grand distinction of 
modern sdenca. I may be wrong in stating it broadly, but I do not now recollect a single experimental novelty, much less dis- 
covery, which we owe to Playfair, I mean In the department of Natural Philosophy; for we cannot include barometrical mea- 
■nremsnta under this bead, of which, indeed, it was the mathematical theory, and not the application to practice, which chiefly 
occupied him. The same waa the case in Astronomy, which, of the mechanical aciencas, interested him moat. In two capacities he 
will be remembered,— first, as the able, eloquent, and generally impartial and accoralo Historian of Science ; secondly, as the 
promoter, to so great a degree as to lie considered a second founder, of modem Dynamic&l Qeology. He waa much beloved in 
privata life, and was singularly free fVom tha tendency to carping criticism and personal prejudices sometimes, unfortunately, 
found in men of letters. Ha was the intimate aaaociata of Jeffrey and the other foundara of the Edinburgh Review. 
Hia character has been drawn in tbrea worda by Sir James Uackintosb, and as liappily contrasted with that of his iliostrioui 

friend: — " Playfair and Jeffrey; the first a person very remarkable fbr understanding, cslmnei*, and simplicity, the 

aecond moro lively, fertile, and brilliant than any Scotchman of letter* " {Li/i 0/ Sir Jaatt JfoelanMiA, iL 251). 

* WtntrtU'tlllilOTyaiulPIUlaMophyoftUIndutHv 5n«ncM,6 vds. 8vo. ' Hill's Lo^, S vol*. 8vo. 
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Fan ma- , 

— thdr arising from tlio . 
P'Wg"" enliu^ed this f> x\, 
^etli^' *"*"■**« labour it lausi. 

to the present wril"r '. 

more addicted to the s; 

lysis), s conclnsiTe argunv,. 

introduction into this historic.-. - 

in the very nature of these n'l' 

All sciences — but eflpecially thf ;. 

tend to become more intensely technical 

they are pursued. These especially are iii^ ■. • 

popular treatment, although in their appli<'^T', 

physical science they occasionally admit of itV. 

very remarkable manner. The progress ol' analytj. 

cannot be eren enunciated or expressed but in tlie\ 

language of analysis, and the History becomes dlmoi^i u: 

ft Treatise, or, if not a Treatise, something near' as 

technical. It is partly for this reason that the i.is- T>. , 

tory of the Pure Mathematics has so seldom been soiencvj '•■ 

eren attempted to be written.* Mathematicians havt, eighty yrai 

since the time of D'Alembert, been noted for li«mg subdiririe tin 

more ready themselves to mihlieh tbafl to become nearly the arriii j;. 

acquainted withj^hat »{]t«nniaTe done ; and one con- treatise, already <(^iX 

seqijeDce (rf^Tbis has heen the formation of a mathe- chapters, of Analyur^i 
_— ■ nfatical literature, able, profound, and original, bat Astronomy aa their L: 
"^ cumbrous, fragmentary, and full of repetitions.' plication; of Astronomy u- - 

Besides, the serenteenth century had attained the of Mechanics, with reference •<> 

vantage-ground of those grand and striking im- tution of matter, including Hyii,.^ 

provementa in methods to which no subsequent im- tics, and Civil Engineering ; of O^iti , 

provomentB, however real and ingenious, can by Heat, including the Daltonian theor 

possibility compare. We shall never have invendous and chemical elements ; and, finally, of O.jc . 

comparable, in universality and importance, to the comprehensive science of Electro-magnetism, « 

application of Algebra to Geometry, and the dis- ing ordinary and Voltaic Electricity, Teixestrial . 

covery of Fluxions. These also admit of being at netism, and Diamagnetism the discovery of Dr Yv 

least partly explained in language not obtrusively raday. 

technical, and have been so explained by the facile pen The arrangement of the chapters is thus strictly <- ' 
■_ of Playfair; but all subsequent discoveries have been Methodical; but in the subdivision into sections, I'*"*^.-- 

but enlargements and improvements on these pri- have allowed the Biographical principle to predomi- matbo^e*.' 

roary and distinguishing ones ; and before the date nate, thus giving as much as possible a historieal putly hick- 

at which our present discourse properly opens, even character to the whole, and endeavouring to intro- Bi^^i<=^' 

the larger generalizations of Kewton's fertile colcu- duce the reader to the intellectual acquaintance of 

luB — the method, namely, of Variations, and the in- the eminent men who are selected for notice on the 

tegration of partial diferential equations, had been principles which have been already detailed. In some ^ 

' Specimens of what a hiitorj of purB mathematlo irould be, and molt be, are to be faond ia the abia " Report! " of Dr 
Peacock aad Hr Iieille EllEi, Id the Tranaactloni of the Britiah Auociatlon fbr 1833 and for ISlS. A glance at theaa profoond v 

and tety technical eeaaf « will ihow the inpoHibilltj of a popular mode of treatment, irhllit tbe dlfficnltj and Uboor of pro- 
ducing such mrnmariee xaxy be argued fhim Ibelr exceeding rartt; la thii or an; other laogaage. 

■ The celebrated Lagrange, In hie later jears, contrasting the mathemaUcal worlu of hie ovn genenttton with thota which ha 
Studied when a jouth, i> lald to have obaerved ; — " I pit; the young mathematlclana who have to rainj theorlei to wade thraugb. 
If I were tn begin. I would not atudj ; tbeae large quarto* frighten me too much." — (Tbomaon'e AnitaU, vol. iT.) And itii atated 
that whilat hla own moat abatruae ADveatigatloni were condaeted In Perls, be kept the perusal of U. Gauaa'a writings for the tran- 
quil retirement of the conntry, — a distlnctloD Intelligtble enough betvreen the intense effort of invention more than austuned by 
the t^ viva of genius which prompts it, and the itrain ratjuired l« maater the dead weight of reasoning impoaed upon the mind 
by the discoverie* of another. Dr Young, in hia biography of Lagrange, observes upon the volnminons mathematical literature 
of his time, that" uuleaa something be done to check the uaeleis accomulatioa of weighty materiala, the fkbrie of acience will aink 
Id a few ages under its own insupportable bulk." The fact la that a large proportion of the mathematlcat writings of eran 
•mtneDt authora are In a few yean fbrgotten, or only casually coniultsd on some matter of history. 

' Siiterf and PMoiapky tj At /(ufiieliM 5miiaM. 
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appear to the 

.riOte'.of'tbe fatter 

jdfisiwindBi of NatnOT 

^ioh, f^WieTe, it will be 

d (^ aay one penoo or 



/Ay, dnti.&efween the latter and 

^l^ withbut teadilng ita appIicationB ; and tbaf 

limit to which We are to do ao is a limit depend- 

,^g Bolelj on the jadgtnent of the teacher, and on 

/^ th« special pnrpose of the leston. But flte progress 

jty of science is a lesson leamt froth the great book of 

.^the- experienoo; and if we are to feel the foro^ of ita 

,. tbe un- teachings, we mast consult, not one, hut man^ of its 

^ as Astro- pages. Looking to the history of science since 1750, 

ostmctod be- but especially during the present century, it is quite 

.ress of the one impossible not to admit how large a share the scieaces 

,/tbo other, Tha if . ; j' Laiio . ^r- • >i-d in moulding the direction of 

^tion thus snbsiating mens '^nghts_^ and speculations, and in enabling, 

' aysies is to be found in nay, compelting ^..eii\ , realize certain ahstiact no- 

^n Fuie Fhysics and the tions far from easy of c^nt.e^,'.i .. I.-. !:ii:?i ofthia 

^^h we take Civil Engineer- are to be found in the fircR of (>eri^il'>t:yin, tlie eo- 

' ^ department most cognate to existence of vibrations iu air !ia<! other snbstanro;,' 

, 'I'hilosophy, of which this Disserta- and such notions of body as we denve from practical 

^eiSally treats. ' efforts of continually-increasing boldness to extend 

ory of the last seventy or eighty years the scale of our constructions. 

ns conclnaion. The boundaries of Science The analogy of the relation between Uathematics (ZT.) 

as nndefinable as those of " fact" and and Physics, and of the latter to dvil Engineering, is '?"'^' 

a those which separate the kingdoms of so close that the three subjects might almost be re- ^f (^ j^^ 

liatura from one another. There are arts which can presented as three terms of a continued proportion. IOOjtmv*. 

j' hardly be called scientific, and there are others which What the second is to the first may be affirmed of 

yf^ have contributed more to the original stock of know- the third relatively to the second. Physics maj 

ledge than they ever drew from it These last are exist, at least to a limited extent, without a mathe- 

like the shoots of those tropical plants which at first matical basis, as the art of construction long preceded 

are mere buds upon the trunk, and are nourished a knowledge of the prindplea on which it b founded, 

solely by its juices, but which, when they reach the Sut as knowledge advances it extends in both 

ground, plant themselves there, and become niA only directdons towards speculation and towards practical 

the props and stays of the parent stem, but supply it applications, but most towards the applications. This 

from an ever-increasing area with the sap whit^ they Bacon well understood, and he has consistently main- 

originally borrowed. tained, that knowledge, to be profitable to its cultiva- 

(86.) The more closely we examine the subject, the more tors, must also be fruitful to mankind. And all the 

are we satisfied that it Ls impossible to teach science history of science since Bacon's day has read this 

' I hkve boiTowad bat iparinglf , In tlia folloirlDg pagM, Trom the sibtiDg «i>iDpil>tloiii on the hUtorj of Ktanoa. lodBBd, 
a writer who luteudi to make a labjeet hli oirn bj a weU-conildered, fundamental plan of treating It, will om loch worki prlu- 
cipallj ai ■ ^Ida to bis own further Inqalrlu, and to aaeiat him In •elaMlng tb* wpica worthj of fttlltat ditcnnlon. In tfait 
reepcct Dr WhaweH'e euailent writing!, alraadj cited, have been of great uu to me; and in the partiaular dapartmant of 
Aitronom^, I have oflan refernd to Mr Oraat'i valuable Hiitory of that aelance, ai wall at to ths writing! of Delunbn, and 
the very elaborate Hinorleal Beea; b; H. Gaatler, cm the problam of tba Three Bodlei, whieb li not, I tblnk, noticed by 
Mr Ormnt, tmt which oontaln* a Doat elaborate Ualorj of the reaeardiea of Iiagrange and Laptaea. In optica, I have eoiMallad 
the ejatamatte treatiaw of Dr Yoang, Sir D. Bnwatar, air J. HerKhel, Dr Lloyd, M. U<dgno, and IL Eadiehe ; and ao <tf other 
■ubjecta. Oehler'* PkyMaUttlif WorUrlmeli, Fecbner'i BtptrUrhtm, and that of Dove, afford a vaat amount of biitorical infor- 
mation. The TraoMctknu and Procaedinga of tha vaiiooa (oclatiaa, Britieh and Foelgn, hare of eoorae fnralihed a great part 
of mj InJbnnation. Bach •tricUy Uographleal dataila aa I hava mad« nta of, hart in ganeral been vary earafull; taken from 
tba bast •ccaailbie aatbarl^. 
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ine era .i^. 

guished bj- A^ 

mathematics l ~, 

teacher; the c....-- 

by the lessons of \ o (^ 

one in the emiaendj ^ ■^.^ 

and in the no leas oneut' 

The result of these -^ \_ 

knowledge has not bet i , 

jurious to the real progre ' ol . 
Kot Inju- gredient of tie mixed bvth^j. 

ever flourish more vigorously tii.nu 

has pure physical science had grenter 1 n nnp 

in the era of Volts, Watt, and Youtg ! 1. 

precisely because the new application i;f aiai .eu 

stimulated their growth, because abstract rclatiu 

of quanti^ were vivified by concrete solutions ui 

physical problems, that a new geometry arose. 

DyniunicB could hardly be said to cKist as a ecienee Al. 

without the invention of Fluxions as a language by Or 

which its conditiouB and results might be expressed ; cUI in[< > 

and from that time onwards, the necessities of the be touch&i .. 

natural philosopher have been the prime sources of of science for 

inspiration to the geometer, while the subjects have The national \>, 

become so blended that a mere discoverer in matK*- ^^wton impelled'. 

matics has become a singularity. Ii-m»uJ(rbe hardly tempt to carry Yonrard 

possible to point ouj ytyrtatCeraatician of the he had chiefly used, ai i 

highest c1asa..Miici?JTewTbn, or but a few of the second to the more arduous and 
tri^e; trimiiaTe not contributed almost as muoh to chanics and Astronomy whi. ,. 
physical science as they have to analysis. Of purely for solution in the course of the 1. , 
mathematical discoveries, the great majority have laurin was almost the last Englishm^i 
been called forth by the immediate necessity arising whose mathematical writings came inu 
from some problem requiring solution in astronomy, petition with the rising schools of Gei 
mechanics, optica, or heat. Lagrange's method of France. The labours of Matthew Stcnut^, 
Variations of arbitrary Constants in Integration, the Simpson were mostly geometrical ; those of Laf 
artifices for thecomputation of attractionsby Laplace's and Waring, though profound, created httle generu 
coefficients ; the introduction of the method of fac- impression ; and, gradually, the extent and difficulty ' 
torials by E.ramp in his solution of the problem of of the foreign mathematics, increased by the use of the 
refraction, and numberless improvements in the Leibnitzian notation of differentials which was ab- 
Theory of Definite Integrals by Fourier and his sue- solutely nn&miliar in England, deterred almost every 
cessors, sufficiently warrant the statement, and show one even from perusing the writings of CUiraut and 
how richly the physical sciences have repaid to the D'Alembert, Lagrange and Laplace, Of the conti- 
purely mathematical ones the debt which they origi- ncntal mathematicians, Enter was probably the best 
nally owed. One other conclusion may be drawn known, owing to the lucidity of his writings and 
from these and parallel facts. It is that the com- their eminently practical tendencies. Some idea may 
binations arising out of external phenomena are more be formed of the negation of mathematical talent in 
suggestive of the possible relations of number and Britain during the later portion of the last century, 
quantity than is the most unlimited stretch of fancy when we find D'Alembert declaring, in 1769, that if 
and imagination ; and I believe it will be conceded an Englishman is to be elected one of the eight 
that, with few exceptions, theorems of the greatest foreign associates of the Academy of Sciences, he 
value and beauty have been more frequently dis- will vote for Earl Stanhope as the beat mathomati- 
covered during the attempt to solve some physical cian there, as he believes, not having read any of 
or at least geometrical problem, than in compre- his works ! If the choice was to be free, he should 
hensive yet indefinite attempts to generalize the re- prefer M. de Lagrange ! !^ A more cutting, though 
latiooB of abstract magnitude. unintentional satire on the state of Mathematics in 

These views are strikingly confirmed by the hia- this country could not have been written, 

1 Letter* of emlDeot perMus, kddresaed ta David Hame, edited by Ur Burton, p. 31G. 
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ymptvana- 

^/hounitay of 

mlo tbe specula- 

i«aent century; and 

^s BO intimately coa- 

r' proportional extension. 

^4ts acquired a very great A""'! ""1 

ii principally to symmetry S*""^"^- 

.' the results, Bolutions otfaer- 

,. Jkte are obtuned with facility and 

.iC-cms we shall find examples in our 

.ne Dndulatory Theory of Light. Lastly, Th« Calm- 

tandiilg the pre-eminently practical charac-''^'''^I«- 

p the mathematics of the last age, speculative 

Meters and analysts have found time to discuss 

letaphysics of their respective sciences, both as 

' regards die foundations of the Differential Calculus 

and as to the use of imaginary and other symbols in 

Algebra. An almost new branch of abstract sdence 

; and (though &intly foreshadowed by Leibnitz) has come 

4iy, a few into existence — the separation of symbols of optra~ 

I Cambridge Hon from symbols of qvantity, and the treatment of the 

^Jbhn Lubbock, former liln ordinary algebraic magnitudes. In some 

, ultiea of physical case^ v, ■>■:■.■' abh' simplicity is thus iutroduced into 

tuber applied them- the sulmion u' ^'^'Irui . plihoug'. j.crhup-> T'w ma- 
;iits <rf pure analysis, thematicians would choose tode^H;; i -mpliciily -r^Q 
' n its use in the solu- the method in untried cases. Sir John '- ■ ■ _^ ^yj 
::al problems. Such, the late Mr Gregory' were amoD' ?♦ ' . :■ )st active lu- 
rBabb^e, Mt De Morgan, Mr troducers of this new algebra, but few uf the more 
, Green ; and at Dublin Sir William eminent living British or foreign mathematicians 
i Mr MacCullagh, whose names will have failed to contribute their shore to this more 
i parts of this Dissertation. metaphysical department of analysis. 

'Calculus or great general method in ana* 
_j resulted from these persevering labours, I shall now attempt to consider more particu- (32.) 
v^'^r of British or foreign mathematicians, but larly the reciprocal relations of pure physical science ^""''^ 
^increased facility and power in applying the ei- and the mechanical arts, (clanra'aad 

.Isting resources of mathematics to tiie solution of This is evidently a very intimate one. The dis-the iru. 
i classes of problems previously intractable, or coveries of pure physics (such as Astronomy, Aeons- ^^^^ 
resobred only indirectly or by approximation. The tics. Magnetism), are the results of either observation 
Integral Calculus, in particular, affords an almost or experiment, and they consist in generalizations, 
boundless field for research, and each branch of by means of which a multitude of facts are reduced 
science in succession — not only Physical Astronomy, under one simple expression of a more general fact 
but Optics, Heat. Electricity, and Ciril Engineering or prindple. But instruments often very compli- 
— has offered problems of great importance, which cated are necessary for observation and for experi- 
' awaited only the skill of the pure mathematician to re- ment ; as telescopes in astronomy, organs in acoustics, 
solve in a practical and finite form.* Every year, and properly magnetized and suspended steel bars in 
/ every civilized community, contribute to these real magnetism. Art is required to construct these. The 

^Ifi^^"" improvements. The principle of dueontinvity, con- highest possible degree of science, and the utmost 

' For example the Lucuian Piofceaor at Camhiidge, Hr Stokee, bai effected two previooily ImprMtieaUeiBlcgntioni, ooa 

occnrring in the tbeor; of tha rainbow, the other In that of nilwa; girder bridgee. 

■ Hr Dancan Gregory, a promlalng mBthematician who died 23d Pebnur; 1844, at tha earl7 ^a of 30, Kaa the yoaagett Hr DbdOuI 
KinofDrJunra Gregory, tha late dtitiugalBhed Prafeeaorof Medicine at Bdiaburgh. Eiename detervea a paniiig record, not ooly Gregonr, 
fhim the influence he eierclaed on theprogree* of the English mathemstice of Iili time, bat aa having revived the dorniHiit charuc- 
t«r for thii peculiar kind of talent, 10 long connected with tha family of Gregory. Be wai. In fact, tbe lineal denendant of tha 
Inventor of the reflecting telescope. Mr Gregorj wae the Eret editor of the Cambridge Mathematical Journal, and author of an 
elcellenC book of Biamples in the DifTerential and Integral Calcnlni, both of which have eierciied a beneScial influence on the 
progran of Mltnce in England. He alio wrote tevei^ original memoirs on the lubj acta referred to in the text Urljeelie Ellli, 
B Bun of congenial ability, haa written a ihort hut fleuing hiography of hii friend. 
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inTOotioii, i>t, 

siqai prii^pjfc;" , 

deduction fliiDgtJii*^. ^ 

pouiUe to bb i-onT:t: W, 

thinker, and bo tasiiyn'' 

able diBCOTeries of tin; '. 

thct DO liistorian of sci^i-^ 

the invoitioii of the tele«%k' 

portance inferior to thaFof a a^' ' 

it did the germ of bo 094117 difloovcrft.- 

» theory of optica might be wnjtb^n 

scope need nerer be mentioned; but '...^. 

pedantry of s>M^ ft work be obvious, or^i. 

reasonable pereon wish to learn 8cienee;r"' 

fashion ? 

The clear oo-ordination of the parti of on 

tovxxfda the altainmetit 0/ a giuei\ rMuZl, u/itA 
iventloDt rigard to natared lawi, and the properties of tn« 
pmanM >. staneei vtad, coQstitutee fhe merit of the inTentiofr) 
knowlfdgo -nd this merit may fee irrespectire of the precise im* '''•g 
lawi ■^*'*° portance of the end of the invention, Tihich may be fi 

intended to promote science, or commerce, or ooi»- j p 

venienee, or even to valiafy mere curiosity. ^A <elS- i>Jr^> 
" «» Aiope would have been a tai^t^ip&tCfUf^'M we hMv vR'S''*? 

imflgi»editin»enW.wJrtli(rWif[?'l:^i?^^ epic 

ltalk|^s^rp^rftBdHyjdj||ri»l^Mb WiiNh in their ori- equally reverei 
-"-■T gUL^^^^MgMnll^^^raotefrom tcientifiouies, *«^ give the nam( 
leless real steps in the progress of to add the cautipa, 
_ The steam~engine is one striking ex- when the inven'tion 
-^ ^»}Qpla> Originally devised with an exclusively com- lities which distingpuh 
ry ij-tf^"' '"'" "^J**!^"! object — the extrication c^the Cornish mines the mere command ov< 
J0Bf*^ from subterranean water, it became in the bands of challenges our admira 

f Watt, first an instrument for experiments on the re- patience, the concepti 

Jation of heat to matter; next, in its improved form, and confident anticipal 

a beautiful exemplification of these laws, and an en- suits of natural laws f 

during monument of the sagacity and skill of its these circumstances bei 

author, as well as the most important inorganic lars tteui. Merely to 

agent which exista in modi^dng the social condition where experience has ai 

of the entire globe. Finally, to illustrate the posi- may exercise judgmeni 

tion from which we started, it becomes the inatru- make contrivances in w] 

ment of fresh discoveries. This very engine has a upon laws of geometry 

theory to he worked out, probably unimsgined even within the scope of thei 

by it« si^acious author — its operation as an agent for Watt's Parallel Motion, peroaps tne D4081 tn^e- 

obtaining power from matter by the application of niou* of his inventions, would not have made d great 

heat, it shown to be in all probability a single case of reputation j nor does the endless variety of machines 

S more general law, indudmg all kinds of machines used in the arts, as in spinning, priuting, and papcr- 

imd all sorts of matter ; and this more general theory making, stand higher. It is when the inventor 

of heat as a motive power leads, once more, to new places Matter in new relations to Force, or derives 

practical deductions, to the conditions under which power from new sources, or teaches Light or Electri- 

such machines may be roost usefully constructed and dty to act under new conditions, that he becomes 

employed.^ really a Mechanical Philosopher. 

(85.) Every instrument, every construction, which is It is not given to man to endue matter with new (37-) 
"^ *™t!r founded on a theory, and in which a certain compli- properties, or to prescribe the laws under which his '^•ij"l» 
aocUT* 'cation of oonditiona is required to produce a cert^ inventions are to tate effect. A new motive power," 
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a new fonn of cooBtractiDn, are ezperiments on the construction, and the electric tel^;tapli, is that 
resources of nature under new condjtiona. these important practical improTements are both 
&il^ r ^^ ^^^ even in comparativelj simple cases, we historically and logically interwoven with the pn> 
mMhmnlul c^noot Mt fotoes to act on matter, or dispose mat- gresa of pure or abstraet physics. They have bc- 
uof nu- tcr BO as to resist force, without doing not only what sides impressed apoA the chaiacter of sdentific dia- 
themBticai „g intend to do, but also a great deal more. Man covery of the last hundred years a peculiar stamp 
Mnetimn ""^3^ P"^ powers in motion which he is unable to which it would have been absuid to ignore while 
muiifoid. control ; and whilst he calculates confidently upon endeavouring, within a moderate compass, and in the 
the effects of such and such dispositions of force or plunest langoi^ to convey a vivid though compre- 
resistance, he may overlook consequences equally hensive sketch of the advancement of Natural Philo- 
neccisary, because resulting from laws of nature sophy during this and the preceding, or rather two 
which are either unknown to him, or the magnitude preceding generations. , 
of which he had overlooked, in considering those only It is not to be imagined that the difficulty of the (40.) 
which he required, A complicated mechanical con- problems which occupy the speculative philosopher, I"*"""* rf 
trivance may be compared to the mathematical solu- or the comprehensiveness of mind required for their "^^^JJ^j^ 
tion of a problem. It represents commonly a great solntion, diminishes in any degree as we descend 
deal more than is meant to be derived from it. It from the regions of pure science to the walks of every- 
may represent several distinct results, some possible, day life — firom the vast periods and majestic motions 
some impossible, and of the former only one, it may which astronomy enables na to explain and predict, 
be, congruous to the real conditions of the problem to the common details of the workshop and the rail- 
proposed. In mechanics, the laws of nature are way. In fact, the former are to be regarded as the 
as impatient of control aa the laws of quantity in timpler investigations, whilst our terrestrial agents 
geometry, and the engineer may find, too late, that have their effects modified by the diversified states of 
nature has solved his problem differently from what aggregation and various mechanical properties of mat- 
he expected. But even when successful, it ia to bo ter, and by the numeroua modifications af force arising 
presumed that his own contrivance contains within 4rom heat, electricity, or magnetism, to which it may 
it results unforeseen by himaelf. If he is vrise he he exposed. We have as yet made but an insignificant 
will become a student in his own workshop. The advance towards that completer system of Natural 
material contrivances are indeed his own, but the Philosophy of which Newton's will form but one 
powers which they awaken or distribute are beyond section, in which all the properties of matter and 
his control. Even if his reading of the equation be their consequences shall be as well understood aa the 
strictly correct, there may remain in the background particular property of gravity is at present. Many of 
others no leaa important these are to be learned by daily observation of the 
f^O The coneiderationa here imperfectly laid before effects which occur in the ordinary prt^ess of dvi- 
the reader are intended to justi^ the introduction of lizatiou amongst ua. We are continually perfonn- 
certain practical topics into the present Dissertation, ing experiments on a great scale and on purely com- 
which, though many readers will see their insertion merciol principles, which no individual philosopher 
witttout surprise, or would have been sorry lo find or merely scieittific society could have ventured to 
thein omitt«d, others possibly may think more or attempt. And in the midst of these appeals to 
leas mdependent of, and separable from a scheme experience, unexpected results are frequently occur- 
already sufGciendy extenaive and intricate, if con- ring which send us back once more to the study of 
^ed t<> mexe subjects of scientific doctrine, to the first principles, which, indeed, while they confound 
exclndion of its applications. My chief reason for the empiric, do but establish the reputation of the 
including such subjects as the steam-engine, the philosophic engineer, who seldom fails to turn them 
atvength of materials and some great examples of to good account, both in his theory and practice. 



CHAPTER n. 

PHYSICAL ASTBONOMY AND ANALYTICAL MECHANICS. 

$ 1. liASRAiraB. — Variation of Parameters — AppUeation to Phyneal Attronomy. The Stability 
of the Planetary System } L^uice ; PoisBon. Moon's Libration. 

The period of Lagrange's moat celebrated laboura Dissertation, it might have been excusable, with so 

extends so far back into the preceding century, that great a mass of matter before us, to have passed 

having been already mentioned in Sir John Xjeslie's them over without &rther notice. £ut they are so 

VOL. 1. . 6 k 
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intimatel; comeeted with the most salient pointa of Amongat iba fbnner we reckon the m»tttod of tfu (u.) 

the history of physical utronomj, down ereti to the variation of paramettn, expoondod to a certain point VarladoD 

present time, and are bo interwoven with thedis«o> by Euler, thongh,aB in many other cases, his results ?'P^"**" 

veriei of Laplace, and represent altogether so mnch were vitiated by the haste and inaecnracy of hia cal~ ' 

of the substantiTe character of the progress of the cnlations. That Lagnmge borrowed the idea from 

age, that I have thonght it necessary to devote a Euler cannot admit of a doubt, any more than that 

small ipace to the recital of a few of the most pro- he was indebted to him for the principles of the Cal- 

minentof them, haring r^ard to the intellectual cuius of Variations. Lagrange, withoustomarytnith- 

porti^tnre of the man as one of the most pre^emi- fulness, even to his latest days, always spoke of Enler 

nent and auccesafnl reasonera of hia class who have aa his beat instnctor snd model, and as the chief 

erer done honour to their race. I ahall repeat as of modem mathematiciaiui, Newton only excepted. 

little as possible what has been said elsewhere, and We know that he so regarded him in the caae of the 

confine myself to only two or three topics. calcnins of Tariations which he atndied in Koler's 

(49.) Joaeph Louis Lagrange was bom at Turin in 1736; "Methodus inveniendi lineas ourvas, &«.," during 

™d ^d*** ^ ^^ ^* Paris 10th April 181S. Hia first paper the first two years of his application to the higher 

ygg. 'was written at the age of 17 or 18, and his end was mathematics ; > whilst Enler, with eqoa! candour, 

accelerated by the unremitting ardOur of hia labours acknowledged the transcendent genina of the rising 

at the a^ of 77. He was consequently an original geometer, forcing ita way where he himself had 

author during tixty yean ; and for the greater part of failed. 
b)« oootam- this period he, togetherwith Laplace, monopolized the The method of the Variation of the arbitrary con- (is.) 

ponciM. grgateat discoveries connected with analysis and phy- slants or Parameters, thongh it may be regarded in "» "ignifi- 

sical astronomy, and exercised an almost undisputed one point of view as a merely analytical artifice for'^ 

authority in die more recondite sciences. Euler, etfectiQgintegr&tions,isinrealityaconceptionpurely 

Lagrange, and Laplace, by a singular coincidence, geometrical, firat introduced by Newton* uni&r the 

lived to tiie respective ages of 90, 77, and 79, and name of " revolving orbits," and aj^lied by him to 

all retained their activity nearly to the last. They the explication of the conception (to use a recently 

produced, by the continuity and friendly rivalry of introduced phrase) of the Innar inequalities. Neither 

their labours, carried to an extent in each case which the moon nor any planet really describes a mathema- 

only astonishing physical vigonr united to astonish- tical ellipse (in consequence <^ the mutaal perturbs- 

ing mental aptitude could have produced, during tionsofdieheaTenlylmdieB). They describe curves of 

almost a century, an impression on the progress of double curvature in space, of which we could form 

■cienoe altogether remarkable. This coincidence no intelligible idea, except by referring them to the 

was .^the more happy, because physical astronomy very approximate type of the ellipse, of which the 

was exactly in that predicament when nothing less eccentricity, line of apsides, inclination, &o., are con- 

than such a combination of intelligence and intensity tinually varying, not only from one revolution to 

of application systematically urged, could have car- another, but throughout every part of a revolution, 

ried Newton's theory through the difficnltiea which This representation is not only convenient, hot 

at that time beset it — diffici^tieB which left the PrtTi* strictly accurate. At taeh inatant the moon or 

tvpia for so many years alone, and far in advance of planet is describing a portion of an ellipse, which 

the general intelligence of the ^e. may be called the iratantcmemu eilipi«, and which luiUnUn*. 

(43.) The pregnant snggestions of Euler were developed may be defined as the particular ellipse which the"" eUtp»e. 

Eular and ^tid applied by Lagrange, and the triumphs of La- body would go on to describe if it were at that 

I" ' grange— nay, even his occasional &ilnres — were the instant freed from all perturbation, and allowed to 

immediate precuraors of some of Lafdace's happiest complete a revolution under the single influence of 

efibrts. its acquired motion and the central force. To take 

Lagranga'a > The following it a lilt of the booki ha than raad, takau lyom a paper probablj lUtle knoirn, which appeared loan after the 

a^l; death of Lagrange in tbe IfoniUur newapiper, and which wu translated in Tbnmtoa'i AnnaU ef Philoi6phy, vol. iv. He 

itudin. flnt read Euclid's EUmnu, Clalraut'i Alg^a t then, in leu than two ^ean, and in the following order. Agnrai'B Analy- 

tieat InitUutiont, Gular'a Atutlj/ni of iHjLniM, John Bamouilll'a Ltetum, Euler'a Mtthania, the two flnt books of Newton's 

Frindfia, D'Alembert's DynamUt, and Bougiinvi lie's ItUegral Cakuiut, Eoler's DiffertMiaX Caleubu and UttlMdui Jnvnitnuft 

— a preilji coune of mathamatical reading for a youth between IT and 19. 

From tiie seme paper we abridge a few practical directions given b; Lagrange for the itnd; of malhematica, vhicli, if 
(olerablj obvioiu, are interesting from the eitraordinarj geniiu of the man, and from his singular retioence on subjects of a 
personal oatare. •■ I nsTer," he said, " studied more than oqo )>ook at a Ume ; if good, I read it to the end." " I did not 
narplei mjself with difficulties, bnt returned to them twenty times tf necasarj. This failini ,1 examined another author." "/ 
miaidtrtd reading largi trtatita of purs imalpu q%M mhIsh. We ought to derote our time and labour chiefly to the applica- 
tions," Thus he read Eular's Utclmnia when he bad acquired a vary slight knowledge of the diffeienttal and integral calcnlus. 
" I alwajs read with my pen in my hand, dateloping the calculations, and eierciiiog myself on the quettlons." 

"From the very beginning of my career, I endeaTourad Co make myself master of certain subjects, that I might have an 
opportunity of Inrenting Improve m enti ) and I oluajri, aifar mponibk, utada Ihwriti to myuj^o/ tlu tttniial poinU, in order 
to fix them more completely in my mind, to render them my own, and to acenitom mjielf to compotitioD." " Finally, I every 
day aailgaed myself a task for the next. I learned this coitnm tntm the King of Prussia." 

■ Tr • ■■ ■ - . . . . 



* This Lagrange himself point* out In bis Micamiqiit Aitalyligytt. 
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a iingle example ; the planet Uranna lufl not yet rolntitnia now, and compare them with a similar avs* 
completed one revolution since the time of its disco- rage hereafter, proTided that the orbits ondergo no 
Tcrjin 1731, yet its obserred path differed ao much pennanent change. This.therefore, though not strictij 
from a true ^pfic are (even when we allow for the an mequality, because the length of the year is per- 
perturbation of Jupiter and Saturn), that the orbit man«ntly changed hj it, shows sn average effect in- 
which satisfied the observations Gram 1781 to 1800 dependent of the confignratian of the planets. An 
would not satisfy those from 1600 to 1 820 ; and example of a true secular inequality is die revolution 
since 1820 a new orbit had to be computed for every of the line of apsides or major axis of any orlnt, by 
few years, so great were the variations of the instant' the influence of the disturbing forees of the planets, 
aneouB from any permanent ellipse. These varia- whether interior or exterior to the one conaidered. 
tions led to the discovery of the planet Neptune. Fewofthesecularineqnalitieshavebeendetectedby ciunM of 
(46.) To adapt the notion of the perpetual variation of observation throughout the entire records of Astro- kpiidM and 
^*^°**'7 the elliptic elements to analytical calculation, and to nomy. It is known, however, that the apsides of the ■J^tri- 
'^' aaeribe to each planet its influence in perturbieg the planetary orbits (at least in the case of the old*^ *^ 
elliptic motion of the others, was the great ]voblem planets) all proffrett, with the exeeption of those of 
mainly solved by Lagrange. In the planetary theory, Venus, which retrograde, and that the inclination of 
where the perturbations are all very small, on account all is at present diminishing. The exoentricity of the 
of the excessive preponderance of the mass of the Earth's orbit ia decreasing at the rate of 40 milea per 
snn, the motion of each planet may be considered as annum. The exclusive depmdence of the BeoBlarin»- 
nnder the teparate disturbing inflnence of every qualities on the orfrtts, not on the pIiieM of the planets, 
other, and the whole perturbation ia the sum of the may be well illostrated by a method actually employed 
separate perturba tions. by Oanas for eomputing them (though it does not 
(47.) Now, ^ese perturbations c^ elliptic motion may appear to be attended by any special advant^e). 
*''?™"^ be divided into two great classes, which Lagrange He conceives the orbit of the distarlnng planet to be 
iiMqiuli- ^^^ ^ 1782, included in a common analysis, which strewed with attractive matter, whose tbicknass at 
Um. expreased the disturbed elements of planetary motion any point is inversely as the planet's velocity there, 
by two sets of terms : those which include the rel^ or directly as the time of its sojourn in any amall 
tive positions (or configuration) of the disturbing and length of the orbit. ... ^ 
disturbed planets being the one set, and those which Themethodof vwiationsof thedementsiaevidently 
included only the masses and elements being the most applicable to the determination of Sectdar Ptx- 
other. The former are called periodic, the latter turbations ; for to compute by means of it the on£- 
tecular inequalities. The distinction is important, nary inequalities involves aa apparently nnneeessarj 
since, after a sufficiently long time, two planets (sup- labour, Theplaceof aplanetiscompletelydetenuined 
pose the Earth and Uars) will have been presented by three co-ordinates — its longitude, latitude, and 
to one another in space in every eonceivable post- radinsvector; whilsttheelementaoftheorbitaresixin 
tion of which, by the form and position of their or- number, and when foond, a farther calculation must 
Ints, they are susceptible, a like recurrence of confi- be made to find the co-ordinates of position. The 
gurations will recommence, and like perturbations more direct method of deducing the co-ordinates at 
will result. Such influences, though running through once from the conditions of perturbation, was gene- 
long periods, will be evidently rscum'ni^. But there rally followed until 1808, when Lagrange and 
is another dass ofdisturbanees, which may in thought Lai^aoe almost simultaneously devised methods <^ 
he entirely separated from the former, being the ulti- using the variation of the elements with directness 
mate or average effect of the influence of one planet and despatch in the calcolation of Planetary Fertur- 
on another, arising, not from the position of the pla- bations. In the estimation of the second and higher 
nets in their orbits at any one time, but frvm the po- orders of disturbance, it has even the advantage in 
sition of the orbits themselves. Thus in a single &ese respects over the other method, 

revolution (and on account of the independent excen- Stobifity and Permanence of the Solar Sy»tem. — gti^^illt* or 

tricitiea of the orbits during many snooessive tevo- After it had been clearly recognised, principally by tfaa wW 

Intiona) of Mars and the Earth, tiie attraction of the the labonrs of Lagrange, that the elements of the plo- •y*i«<n- 

former on the latter sometimes conspires with the netary orbits are in a condition of perpetual change, 

sun's attraction, sometimes oppoaea it, sometimes it came to be a most interesting question how far 

urges the Earth forward in its path, and sometimea such variations were likely to be continuous, and nld- 

pulls it hack, producing numerous periodic inequali- mately so great as to modify altogether the forms of 

ties ; but it is quite evident that, in the long run, the orbits, and even endanger the separate existence 

the attraction of Mars on the Earth tends to pull it of the planets. This is a question which has excited 

away from the sun, and to diminish the efiect of the a very general, as well as scientific interest. It is 

solar attraction — in fact, to increase the length of evident that the variations of the different elements 

our year ; and that this inflnence will be precisely are not all equally important in affecting the perma- 

the same if we take the average of a great many re> nence of an orbit. The five properly orbital ele- 
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ments (the sixth being die longitode of the planet on dicating the means of orercoming the more purely 

its orbit at a giren time) may conveniently be con- mathematical difficultiea, as the latter was sof^estiTe 

sideredthus : 1st, the major axis, irhich, for one and and far-sighted in anticipating their application to 

the same sTstem, involres the periodic time or mean the peculiarities of oar system. 

motion; 2d, the exoentricity andpositio^of thelineof Laplace diaeorered (1781) two remarkable theo- (62.) 

apsides; 3d, the indinaiion and position of the line of rema which limit the whole amoont of the excentri- ^'""l?*! 

nodes. Of these, the stability primarily depends upon cities and inclinations of the orbits of the planetary ^^^j°^~. 

the first. If the major axis and mean period increase system, showing that if once small, they mnat erer dlnatioDa 

or diminish without limit, the planets will diverge remain so; and, in particular, that the most massive o^ P'*^- 

into infinite space, or rush after myriads of ages to planets of the system (Jnpter and Saturn) mvst also '*''' "'"'*•- . 

utter annihilation in the hnmii^ embrace of the sun. undergo the most trifling variation in these respects. 

The latter alternative was the popular belief about In the case of the small planets between Mars and 

the middle of last century, and was maintained by Jupiter, a wider range may occur (as indeed we prac- 

the grave authority of Euler; whilst Darwin, in fau tically find to be the case), without endangering the 

florid but picturesque language, described the cider permanency of the whole. It also follows that these 

Kai beauty of the planetary system na bat a little variations, thoagh " secular," are practically " perio- 

more permanent than the glowing ornaments of the die;" that is, that the ezcentricities and inclinations 

gay parterre.' The principal reason for this conclu- oscillate about certain mean values and within ex- 

aion, and its reftitation, will be mentioned in the next tremely narrow limits, the periods of these osdllalions 

section. being also of vast duration. Concerning such changes, 

(S>.) The first person who perceived the probable sta- theory is our only guide. The whole duration of aatro- 

^^^,^, bility of the major axes and mean motions was not nomical records can barely reveal the existence of two 

^aoowery. Lagrange but Laplaoe, who, in a paper published in or throe of them, and teUs us absolutely notbmg of 

1773, gave a demonstration, the sufficiency of which their remoter consequences. Lagrange calculated 

has not been doubted, that the major axes are in- the superior limits of the exoentridties of the larger 

variable, so far as the influence of the principal planets, and M. Leverrier has recently, by more ac- 

terms of the disturbances are concerned, that is as curate methods, obtained results nearly coincident, 

fitr aa tenns containing the cubes of the excentrici- According to him, the maximum excentrictty of the 

ties inclusive, and the first powers of the perturbing Earth's orbit is O-0777S, the minimum 0*003314, so 

masses. Nor does Laplace appear to have doubted that it can never be quite a circle. It is now di- 

that the mutual distinction of the terms, including minishing, and will continue (according to the same 

secular changes, was not accidental, but would ex- geometer) to do so for 24,000 years, when it will 

tend also to the farther approximations. Lagrange, begin to increase. The inclinations of the Earth's 

however, in a celebrated though short memoir of orbit to its equator, and also to a fixed plane, are 

1776, demonstrated the truth of the conclusion for confined within definite limits which are not perhaps 

the higher powers of quantities contained in the per- very perfectly known. 

turbations of the first order, and that by methods The motions of the apsides and nodes of the orbits (S3.) 

peculiarly comprehensive and elegant, which he far- which gradually complete the entire circumierence Motion* of 

ther extended in 1781 to the other five orbital de- have manifestiy no tendency to afiect the stability of ^^^ 

ments, showing the periodidty within certain narrow the system. The grand cycle of the Earth's perihe- 

limits of the excentricity and inclination, the only lion will only be completed in 110,000 years. It 

elements, except the major axis, whose variations coincided with the vernal equinox 4089 years before 

menace the stability of the system. Yet it is quite Christ, a period (as Laplace remarks) nearly coinci- 

impossible to separate completely the names of La- dentwiththatassignedl^cbronologerstQthe creation, 
grange and Laplace in the efiectual demonstration of These results may be considered as among the (G4.) 

this important truth, the former as frequently in- most astonishing with which sdcnce brings us ac- 

> " Roll on ye atwi! exalt Id yonthfy prime, 

H>rk with bright enrvM Ui« printleM ilapi of Tima, 
NsBT and mora near yonr beam; can approach, 
And leMCDing orbi on lanealDg orba enemach; 
Flowerg of the tk;! ye too to age moat jiald, 
Fr^l ai jooT filken iliten of the field ! 
Star after itar from heavea'a high arch ihoU nuh. 
Bona aink on >uae, and lystemi ayitemi criub, 
Headlong, extiDct, to one dark centra fUl, 
And Death and Night aod Chaoa mingle all! 
■nil o'er the wreck, emerging from the atons. 
Immortal Kature lifta her changeful form, 
llonnta from her funeral pyrs on wing* of flaqia. 
And «oan and liiinei, aoc^er and the aame." 

Donnt'i Bemrf* OnlM, Oaalo tv., Um SST. 
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quunted. The range of inBigbt which man has ac- probability by an interpoHitioa of Almighty power, 

quired into the past and future history of the uni- as direct and immediate as the creative energy by 

verse throughout periods, compared to which, the which theywere launched into space, and (our earth at 

whole existence of his species is but a span, enhances least) peopled with s ucceasive races of animatedbeings.* 
one admiration of the reasoning power which can We have, in the commencement of this section, (sfl.) 

attain to knowledge so high and excellent. And the disdaimed the intuition of enterii^ at targe upon the litgruiga'i 

sublimity of the contemplation is increased when we history of Lagrange's discoveries. They fell more pro- °*~^" 

recollect that these recondite troths are all conse- perly under the scope of the preceding Dissertation, "' 

qnences of a law so simple as that of gravity. Ob* and an able summary and enumeration of his writinga 

servation will reveal only to a late posterity the se- by no less competent a person than Dr Thomas Yonng 

eular modifications of the planetary orbits which geo- will be found in the alphabetical part of this Encyclo- 

metry now predicts to us. Some of the ellipses will psdia. I will only add, that while scarcely a topic 

eloagate, whilst others tend to become circles ; their in physical astronomy, or in pure mathematics, &uled 

planes will vary in inclination, but ultimately be to receive important additions from his pen, his 

stayed within the limit which human sagacity had memoirs on the Libration of the Moon, his solution 

predicted myriads of years before. " These," says a of several problems of Sound and vibrating strings, 

French analyst, "are the pendulums of eternity, which and his methods of computing the perturbations of 

beat ages whilst onra beat seconds," And amidst Comets, are amongst bis contributions to scienc«, 

all these variations, subject to law and to impaas- most vividly remembered and most justly admired as 

able limits, the Major Axes of the orbits preserve a models of analytical ability. He himself is stated 

stedfast uniformity, or are subject only to transient to have preferred, amongst all his papers, one in the 

fluctuations ; and tiius permanence arises in the midst Turin Memoirs of 1784, on the Int^ral Calculus.' 
of change, and the perfection of the system is demon- With reference to the Lunar Libration, Lagrange (sr.) 

strated by the very nature of the disturbances which confirmed the singular conclusion of Newton, that the Ijibr«tion 

seemed at one time inevitably to limit its duration. moon is a spheroid, having three unequal axes, the j(^ 

(SB.) It remains to add, in closing this interesting longest of which is always approximately directed to 

^A^V^' discussion, that Lagrange himself had not quitted the the earth, and the shortest is her axis of rotation. 

tha tt^ry, ^^^^ before his able disciple and follower, Poisson, In consequence of this, the moon, of ueeatity, re- 
pursued the inquiry of the stability of the system, volves on her axis in the exact time that she circu- 
and the permanency of the major axes particularly, lates round the earth (supposing that at any time 
to a d^ree of approximation not before attempted, these periods were nearly, though not absolutely. 
He included the perturbations of the second order, coincident), and is subject (as Newton had divined) 
or those which arise by correcting the elements for to a species of oscillation upon her axis, owing to the 
the disturbances first fonnd, and including the effects line of the earth's attraction not always coinciding 
of the correction in the modification of the perturba- (in consequence of the moon's irregular motion in 
tions themselves. These also are subject to the longitude) with the moon's greatest diameter. This 
same laws as found by Laplace and Lagrange for constitutes a phytieal libration, as inequalities in Ion- 
lower degrees of approximation ; and as MM. de gitude, by enabling us to see more or less of the 
Pontecoulant and Leverrier have confirmed the result lunar hemisphere diametrically opposed to us, con- 
(at least for all the larger planets of the system), we stitutc an optical libration, or apparent to-and-fro 
may conclude it to be a truth as firmly established as motion on her axis. In this investigation Lagrange 
an; negative fact can be, that our system is arranged first used the combination of D'Alembert's Principle 
for a duration apporentiy indefinite ; that if the planets with that of Virtual Velocities, afterwards tiilly ex- 
cease to roll, and the son and moon to do their panded in the Meeanique Analj/tiqve.* 
office in enlightening the world, it must be in all Lagrange was happy in passing his days with («>!■) 

* No raucxwble doabt eiiita m to the ftkbtlitj of th« planetary ijttem to which our eartb beloDgi, u i( It at presaot oontti- 
tutsd. To whitt extent tliB lam of onitar -which we obeerre In It might be traoagreesed with imponUy, It ia nore difficult toiay. 
Tha inTeaUgationi of Isplaee and Lagrange aMume the motion of the plmneta in one direetioD, and their moderate excenlri- 
eitin and indinationi, as tonditioiu of the guarantee of liability. Bat Et doea not appear bj any meana certain that all thea* 
conditloni are aMentlal, and conaeqnentlj the BTgumant which haa been aometimea employed, that tht aoacarienee of many ID- 
dependent clrcnnutBDcat were Teqnlijte to the etability of the lyitem, li at leait inoomplete. Compare Laplace, Si/ittm* du 
Moudt, edit. 1821. vol. li., p. 29, and Henchal'a OiaUni* of Attnnamy, art. (669). 

* It li No. 17 in the anumention of hli papen in the article LaOBAKOR in the Eneyclopadi*. 

■ Very recently (18B1). M. Hansen of Qotha, a moat eminent living anthori^, baa •omewbat modified the recMTad opinion m. BaOMli 
reapacttng the moon's flgura. He finds that Uio presumed elllpticity of the mooD in the direction of the ndlni of her orbit i> on the 
not jnstifled by obaervations, which ought to show a alight variation in her horiionlal diamet^ when tlie ii&ralton presents to moon'a 
ua oar aalellite in a slightly varied aspect. And he infera from an elaborate investigation of \in looar obearrations, that her flgnre. 
aentre of flgore doea not coincide with her centra of gravi^. bnt Ilea about 31 Englbh mllea nearer to ns than tlie latter. H. 
Hansen tAia that the existence of aueh a protaberance of the moan's body rdatlvdy ia the centre of gravity on the side which 
we can alone view, would aoconnt for the apparent absence of water and air, which may abound upon the oppoaite lide.— 
iilMrmmuol SeiiUf'i Xotittf, toL it., p. 13. 
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PriTBt* the tmiqtnlfity of & philoBopher. He was respected it was perhaps tovards thoae who, he titonght, at- 
chMTLCttrofgj^ rewuded alike b; kings and dsmocrats — ^he was tained too eaaily by circiunstaiiceB to a high reputi^ 
^^^ honoured tad promoted in three great states, Sar- tion : Monge seenu to hare been of this number. It 
dinia, Ftance, and Prussia. Though pateonized by is remarkable that for a series of years Lagrange di- 
tke despotic Frederick, and lodged in her palace by verted his mind altogether from mathematics, and 
the gentle queen of Louis XVI., he escaped the studied chemistry, natural history, and even meta- 
nusfortnnet of almost every one of bis contempora- physics. His reply is well known, when asked how 
liea, including Laplace, Lavoisier, and Delambre ; be he liked the first of these sciences ; " Oh," s^d he, 
retained his scientifio appointments throughout all "I find it on trial as easy as algebra." It may be 
the frenzy of the Frendi Revolution. His mildness doubted whether in our own day he would have 
of disposition and disinterested devotion to sdenoe, given as favourable an opinion ! 
more than the European celebrity of his name, con- He was onassnming in conversation, and dis- 
tributed to this result. He was equally fortunate liked speaking of himself. Hie commonest answer 
in bis scientific relations. Enler, D'Alembert, and was " I don't know." He was happy in his domestic 
Li^lace, whilst they were emphatically his rivals, relations, and died universally honoured and ngret- 
wetealsohis sincere friends. If he ever f^t jealousy, ted, 10th April 1813. 



§ 3. LapIiAOE. — Lunar Theory Improved. — Great Inequality of Jupiter and Saturn, — Theory of 
th« Ttdee.— Young; Dr "Whewell ; Mr Airy.— Theory of ProbabUitiea.— Character of 
Laplace ae a Phyrieitt and Author. 

(60.) FiERBB SmoH Laplacb hss generally, and not quantity, which, in the lapse of thousands of years, 

^"^- without reason, been considered as a sort of exemplar has become recognisable. It amounts to this, that 

or type of the highest class of mathematical natural the moon comes to the meridian two hours sooner 

pbilosophersof this, or rather the immediately preced- than she would have done had her prMent period 

ing age. The causes of this, and the d^^ree in which remained invariable from the earliest astronomical 

it is warranted, we shall endeavour to state towards records of eclipses. It is at once evident how ddicate 

the close of this section. In the meantime, finding it a test this must be of changes otherwise imperceptible, 

quite impossible within our prescribed limits to notice. The effect on the dimension of the moon's orbit may be 

ever so briefly, all his more material investigations, thus ezpressed, that at each lunation she approaches 

we shall select three or four marked by their on- nearer to the earth than during the last by i»i«-/our- 

ginality and general interest. Such are, 1 , His im- teenth of an inch ! thus describing a spiral of almost 

provements of the lunar theory, 2. His discovery infinitely slow convergence. The minuteness of the 

of the cause of the great inequality of Jujdter and effect may be illostnited by the shortening of the 

Satom's motions. 3. His theory of the tides. 4. pendulum of a clock by an amount absolutely in- 

His work on probabilities. 6. We shall consider sensible, which yet, after days and weeks, will alter 

his character as a general physicist, and as a writer, by many seconds the time shown by the hands. StcoIw 

After several unsuccessful speculations as touu:eiin«. 

(^^0 I. "Sixti, then, we are to speak of the improve- theoatwe ofthisanomaly,Laplace, in 1787, thus sa-tionoftliB 

tncDta In ments of the lunar theory efiected by him. The ap- tisfactorily accounts for it; — It is well known that the '**^ 

tiMliBnu plicationof Newton's own principles to the perfecting sun's attraction on the earth and moon lessens, on 

'^^•"^J- of the theory of the moon's motion has been related the whole, the tendency of the latter to the former, 

in Sir John Leslie's Dissertation, and so far as the and lengthens permanently the lunar period. But, 

labours of Clairaut, D'Alembert, Euler, and Mayer, lo far as this e^ct is um/orm, it does not directly 

are ooncemed, belongs distinctly to the middle por- appear. The efiect is greater, however, when the 

tion of the last century. The errors of Mayer's earth is near the sun than when it is farther off, 

tables litde exceeded ons nuRute of space, which was The lunations are therefore longer in winter (when 

twice more accurate than in Halley s time. With the earth is in perihelion) than in summer. This 

one importent exception, the main outstanding dif- is called the annual equation, and the amount is 

foreuces between theory and observation hod disap- very sensible for this reason, that (as may be easily 

peared. The eclipses recorded in the Arabic and seen) the perturbing force varies inversely as the 

Chftldean annals could not (as Halley first observed) cube of the sun's distance. Now, though the eartii's 

be correctly explained by the motion of the moon as mean distance from the sun has not varied in the 

given by recent tables. At length it became admit- lapse of ages, the ezcentricity of the earth's orbit 

ted that the mean motion of the moon has been has been diminishing from the earliest historic times, 

accelerated from century to century by a minute and the average inverse cube of the distance has 
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been tlso alowl^ incraasmg. The result is tliat the In oonelonos of this sabject, I regret th&t spue (M.) 

moon's motioa has been continnally accelerated, does not allowme to odrert puticnlarljtoL&plaoe'e^"^^^ 

Nov, we hare in the last seotioii referred by anti- remarkable saccesB in accounting for some singnlKrutoUitw. 

dpation to this acceleration as baling led to the peculiarities in the STstem of Jnpiter'g latellitea, 

belief that l^a moon must at last fall to the earth, arising from, and partly occasioning, an exact com- 
Laplace's ditcorery, bovever, shows that the acce- menanrability in the periods of some of them (which 
leration has & limit, depending on that of the ez- Sir John Herschel has lately observed to hold also 
centricity of the earth's orbit, which having reached in the Satumian system in a somewhat di&rent 
its minimum, the lunar mean modon will begm to nuumer), a case which we have seen to be especially 
be retarded, and will conUnue so through a vast excluded in the instance of the planets, and which 
cycle of ages, and so on alternately. Theory enables has been pronounced by a very competent jodge (Mr 
ns to assign, with considerable accuracy, the amount Airy) to be " the most ourions and oomplieated sys^ 

of the acceleration, which is now about 10" of Ion- tern that has ever been reduced to calcination." It 

gitude in a century.^ ought to be stated, however, that Laplace's dis- 

jj^ii'i' Besides this very satisfactory discovery, Laplace coveries were based upon a previous and highly 

elliptieit; investigated three of the lunar inequaUties in a man- original investigation of Lagrange, 
•nd •61«r ner leading to curious and unexpected rosnlts. Two 

dtluMd "^ these depend on the spheroid^ figure of the earth. II. In the second place, we shall briefly state the («&>) 

from tha Ths natation of the earth's axis, which is due to the nature of Laplace's happy explanation of a great i>>*''°°^-^ 

nioon'i attraction of the moon on the protuberant eqnatoreal equality of the solar system, to which, like the foct^ Japitw 

""^o"- parts of the earth, is exactly reproduced by theequi- of tbalnnar acceleration, espeoal attention had been ud a*- 

valence of action and reocdon in the movements of called by the sagacity of Halley, and which, like it,^"*- 

the lunar orlat, only less perceptible in degree on resisting all the efFbrts of geometers to interpret, 

account of the length of the leverage at which they threatened the credibility of the Newtoniau theory of 

are efiiacted. The inequality of the moon's motion gravi^. We are therefore to look upon this step aa 

in latitude may be used to determine the degree of something more than a solution of adifficnit problem; 

comffl^ession of oar globe at the poles. Laplace de- it was a new, peculiar, and nnsuspected oombinadon 

dnced &om the Greenwich observations of the moon of circumstances on which it depended, and the soln- 

the fraction ^. and, from a relative inequality in t>on affiwded a key in ail dme coming to difficuldes 

, depending upon a like cause, 
longitude, 5g^ J a coincidence really astonishing, not Halley had asoertained, that by comparing mo- (86.) 

only as between themselves, but also when compared dem with the most andent observations of Jupiter and^'"^' "^ 

with the mean result of laborious investigations by Saturn, the mean motion of the former planet had been qu^Ue, . 

actual measurement of the earth's suriace. The other accelerated, and that of the latter retarded. Lambert 

result we referred to was the determination from the remarked subeeqnently that, if we confine ourselves 

lunar theory of the solar parallax, — ^in other words, to modem observations alone, an opposite change 

the distance (£ the earth from the sun, which enters would appear to be in progress. The amount of the 

into the expression of a certun inequality of the error of the tables was so considerable (amounting to 

moon's motion in longitude. From the observed iV or more in the middle of the eighteenth century, 

amount of this inequality, Laplace obtained a value and capable, in fact, of becoming much lai^er), as to 

of the solar parallax exactly coincident with that have been (along with the apsidal modon of the lunar 

obtained with so much labour on occasion of the orbit) one of the first sulg'ects of anxiety and specn- 

tiansit of Venus in 1769. Strange and admirable lation to geometers, when theNewtonion theorycame 

result ^os Laplace himself remarks), that the astro- fairly into discussion. For nearly forty ytari this 

nomer, immured in his observatory, and watching our stubborn inequality was vainly attempted to be ac- 

satellite through his telescopes, and reading the re< countedforby £aIer,Clairant,D'Alembert,Lagrange, 

anlt by the aid of mathematical analysis and the and by Laplaoe himself before the latter hit apon 

theory of gravitation, should be able to determine the the true cause of the anomaly. It was long, and 

figore of our earth, and its distance from the son, naturally believed to be a properly leeniar ineqiut' 

with perhaps quite as great accuracy as by any direct lity, arising from the average mutual effects of the 

measurements. Truly the wonders of fact exceed planets Jnpiter and Saturn, though Lambert's ra- 

tbose of fiction, and the divinations of true science mark rendered this less probable. It was in the oonrse 

may match the pretensions of her counterfeit, astro- of the consequent research that Laplace proved that 

le^. the mutual action of the two planets could produce 

* Va her* add that verj Kcentl; Hr Adanu hai discovered that LaplaM, and alio hU followan, la coDfinlng their at- 
tenUDD to tha radial eSbct of tha luii'a interfannce with tlie lunar motitiiia, aa affected bj the gioentiieitj of tha eutfa'i orbit, 
liave nnwairontftbl; aHumed that tlie ana deicribed ij the mooa a unit of (Ime ii invariable. He flndi, od the contrary, tan- 
gential perturbation* depending on the Hme caoie, and aenaildr modifying the ■mount of sacolar mean motiou deduced from 
aMorj.~{Pi.ili>taphical IVwiHulAmt, 1853.) 
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no ptrmanent alteration of the mean motion of lion will show that conjiuctioiu occur BUCceaaiTely 

either; a conclnaion which, as we have seen in the at three nearly equidistant points of the circumference; 

laat section, he afterwards generalized for the pla- conaequentlj the two planets will hare been presented 

netary syBtem. Several other memoira by Lagrange to one another in every possible variety of configu- 

and himself followed ; and when the question be- ration, when the point of conjunction has travelled 

came thus narrowed to periodic perturbations only, one-thiid round the circomference, tiiat is in about 

Laplace, with characteristic ardour and resolution, 900 years, 

determined to search out every term which could a&ct The effect of this great improvement in the (es.j 

the resnlt; an irksome task, lesscongenial to the gene- Theory of Jupiter and Satnm was, that the most aa- 

ralizing spirit of Lagrange. He had already noticed, dent observations were completely reconciled with the 

in his memoir of 1773, that Euler and Lt^ange had, modem, and the modem with one another; the errors 

in their researches on this very subject, omitted terms, of the tables were immediately reduced to one-tenth 

multiplied by Bines and cosines of very small angles, of their former amouot, and soon after to much less, 
which yet might, in the process of integration, be- 
come considerable by the largeness of the coefficients. III. The third topic which I most shortly discttss in (69.) 

Ir Eleven years later he detected, in the expansion of connection with the career of Laplace, is the Theory Theorj of 

t""; the mutual perturbation of Jupiter and Saturn, terms of the Tides. UieTido». 

of this kind. The coefficient (or maximum value of The Newtonian Theory of the Tides has been ez- (70.) 

the term) is in this case divided by the tquare' of the plained in Mr FlayfeiHs Dissertation, but its progress Kewtoa'i. 

aame quantity which renders the angle under the sine during the 18th century has not been adverted to in ^' ^^ 

or coune small. These terms were indeed likewise the continuation by Sir John Leslie. It will be suf- ihe Equiij. 

multiplied by the eubu of the ezcentricity, or like ficient to state here, that it was pursued into its conse- briam 

l» small qoantities ; but notwithstanding this, by reason quences with ability and success by Daniel BemoniUi, '''''*>^- 

'""^ of thesmalldivisorjuBtmentioDed,tfaey werecapable who in 1740 shared a prize ofthe French Academy 

of attaining a formidable magnitude ; in the case of of Sciences on this subject, along with Euler, Mac> 

Jupiter, to 21', and of Saturn, to 48' or 49^. That laurin, and Cavalleri, a Jesuit, the last a supporter of 

80 small a force should produce so lai^ an effect is the Cartesian vortices. It was, perhaps, the conclud- 

due to the very long period of the most considerable ing honour paid to that once popular theory, 
portion of this inequality, which, in feet, led to its The Tidal Theory of Newton and Bemouilli (Tl.) 

being confounded with perturbations properly secu- presumes the earth to be at rest; and also the waters lt< rMnlu. 

lar. The period of complete recurrence of the eflects of the ocean to be at rest, and at every moment in a 

is about 920 years ; and during half this time the state of equilibrium between the force of gravity, 

motion of one planet is being constantly accelerated, tending to the earth's centre, and the lesser forces 

suad that of theother retarded ; during the other half tending towards the aun and moon. That a theory, 

the action is reversed. An effect continually in- founded on suppositions so fer &om the truth (not to 

creasing or diminishing for so long a time, and be- mention the irregular distribution of sea and land on 

tween the two most massive of the planetary bodies, the earth's surface), should in any manner or degree 

is evidently liable to become considerable. The represent correctly what happens, may be matter of 

m'«-^ "i T' n i displacement oi Jupiter and Saturn just surprise. The leading phenomena are however 

L^lace found by calculation to have occurred in tolerably consistent with it ; the dependence of the 

1660, explaining the peculiarity above mentioned great tides on the moon's position with respect to 

in the comparison of ancient with modem obaerva- the meridian of the port ; the spring and neap tides 

tiona. when the sun's action and that ofthe moon conspire 

(67.) When we look to the physical cause of the large- with or oppose one another ; the priming and laggxng 

nesB of these particular perturbative terms, it is found ofthe tidesdepeudingon thedisplacementof tbevertex 

to be this ; — ^that the period of revolution of Jupiter of the compound ellipsoid due to the combined effect 

compared to that of Saturn, is almost as the nnm- of thesun'sandmoan'Battraction,dependingtherefore 

hers 2 and 6 : — in other words to the near commen- on the moon's elongation from the sun ; the effects of 

flurabUity of the mean motions. Were they exactly the moon being in the nearer or remoter part of her 

In proportion to these numbers, formidable and per- orbit ; all these fects are indicated by the Eqnilibriom 

manent changes would possibly resnlt in the orbits. Theory (as it has been termed), and are also results 

ABitis.theplanetscomeintoconjunctionwhenJnpiter of obBervation. The theory, however, does not give 

has completed 6 revolutions, and about ■jx^ more ; the true depth of tide, nor (except in casual instances) 

Saturn 2 revolutions, and I'^th more. Consequentiy does the time of high and low water coincide with 

the point of conjunction travels round the drcumfer- theory ; besides many minor imperfections, 
ence aAer about 44 conjnnctiouB have occurred, which Laplace had the singular boldness to attempt ni.) 

tequires nearly 2700 years. But a little considera- the solution of a problem, which is more one of hydro- 
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laplBca'i dToamics than of astronomy, and to estimate all the it, Laplace drawa this conclaeion, that its rise and ftll 

DynuDical causes of moTement of the particles of a heavy fluid, (not, howeTer, its horizontal motion) are insensible if 

Tbtory. gurrounding a spheroidal rotating naclena exposed to the depth of the ocean is uniform ;' and being {ffacti- 

the attractions of the sun and moon. This he did in cally insensible in most latitudes, we have thence an 

a aeries of memoin, more Bjatematically condensed in alignment of more or less weight for a general 

the Traiti de Mieamque Cilate, and it may safely tendency to uniformity in the depth of the sea. The 

be affirmed that nu oUier mathematician of his day third data of tides are the ordinary semi-diurnal 

was equal to the labours and disappointments of an tides. They afford, as Newton acutely pterceived, the 

I investigation attended with every species of difficulty, most direct and attainable measure of the relative at- 

I in which each result mnst be attained by a combina- tractions of the sun and moon. We have the sum of 

tion of general sagacity with mathematical rigour, and these attractions at the conjunctions and oppositions 

fbr the verification of which observations were yet in of the luminaries, and the diiference when they are 

a great measure wanting. The Theory of the Tides 90° apart ; and a higher maximum when both bodies 

was, upon the whole, the most ardnous and compli- are without latitude. From the observation of the 

cated problem which could well be conceived, in a tides on the Severn near Bristol, Newton computed 

branch of science (hydrodynamics) hitherto remark- the relative action of the moon and sun to be as 

ably little successful in predicting the results of the 4*48 to 1 ; hut this value is much too great, and 

most simple and arbitrarily selected experiments. gave tax too large a relative mass to the moon. The 

(73-) That Laplace has been in a measure successful residtiu the harbour of Brest, from observations made 

Ita dlffi- in such an undertaking must be considered the highest under Laplace's direction, is about 290 to I ; and the 

test of his genius, especially in reducing his mathe- moon's mass ^th that of the earth, agreeing almost 

matics to practical application ; bnt the result has identically with that deduced from the nutation of 

been a treatise so profound and obscure (I mean as the earth's axis caused by her attraction. Observa- 

r^ards the tide theory), that very few persons have tions at London and Liverpool reduced by Sir John 

attempted to master its difficulties. Mr Airy, the Lubbock and Dr WheweU give about 2*66 to 1.* 
present astronomer royal, has done a great service From the general theory of Laplace, the follow- (76.) 

to men of science, and to that far wider community ing results have been deduced with confidence : — ( 1 .) Laplace's 

whom the laws of the tides nearly interest, by giving That the stability of the ocean is secnie, whilst the '••""*•• 

a connected and tolerably elementary view of La- density of the ocean is inferior to that of the earth 

place's investigation, which he states confidently to generally ; which it is abont five or six times. (2.) 

be " the most obscure of the 3f4eanique Cilate," That the phenomenon of precession is not modified 

(74.) In this theory the figure of the ocean at any by the fluid covering of the globe, 
'iluw™^ moment is considered as a dynamical problem ; and In the application of his theory to special cases, (7T.) 

f"^^ ■ that figure as a momentary state arising from the in- Laplace is compelled to have recourse to an assamp- 

temal movements of the fluid itself, as well as from tion entirely arbitrary — ^namely, that the periodic 

the variation of the external forces. The resulting fluctuations, however otherwise modified by circnm- 

differential equations, expressing the attractions of stances, recur in the same periods as the causes to 

the sun, moon, and earth, the rotatory movement of which they are due. In this manner he eoneiliatei the 

the earth, and the pressure of the water itself in mo- results of observation vrith his theory, which the latter 

tion, are abundantly complex, and the solutions only vrould have been altogether incompetent to predict. 
partial and imperfect. The inferences fi«m these Thegeneralmeritsof Laplace's theory we willsnm (78.) 

solutions, too, partake not only of their imperiection, up in the words of Mr Airy, who, <^ idl his succes- (^««etar 

but, since they take no cognisance of the irr^^lar sors, has probably most attentively stndied it : — " I^ ^u)t'* In- 

dis^bntion of land and water, present cases almost putting fi^m our thoughts the details of the investi- vertlgfttion. 

impossible to verify by observation. Some of the gation, we consider its general plan and objects, we 

results are indeed so paradoxical, that without bet- must allow it to be one of the most splendid works 

ter evidence of their truth we do not forther allude of the -greatest mathematiciBn of the past age. To 

to them. appreciate this, the reader mnst consider — ^first, the 

(76.) The tidal efllects are divided by Laplace into three boldness of the writer who, having a dear under- 

^^^ ^ classes ; the distinction of which, however, cannot be standing of the gross imper^ction of the methods of 

tUm. called a discovery of his. The firtt class are inde- his predecessors, had also the courage deliberately 

pendent of the earth's rotation, and are practically to take up the problem on grounds fundamentally 

insignificant. The eeeond class includes the diurnal correct (however it might be limited by suppositions 

tide occurring once in about 24 hours. Cottoeming afterwards introduced) ; secondly, the genertl diffi- 

> Dr Toimg osMrta that the concloaion will not hold union ths depth h« alio BTaneKiDt. Laplace hai ihoim Id U* Elflh 
Book that the diisppearuice of dinrnal tide* will take place onl; when tha nncleo* U complat*!^ Covered. 

* ThMS ratio*, however, being fonnd to depend upon the cot^garatlon of the coait or eatnaiy, eauitot be naed dimtif to d^ 
tarmine the relative action of the lun and niooa. See PhiL IVom., 1816, p. 12. 



y Google 



818 MATHEMATICAL AKD PHYSICAL SCIENCE. prss. VL 

cwlty of treating the motions of fluids ; thirdly, the parently by friction), but often increased in elemtion 
peculiar difficulty of treating the motions when the by concentration of the effect in a gradually narrow- 
fluids cover an area which is not plane but convex ; ing channel, as we see in the exaggerated tides of the 
and, fourthly, the sagaci^ of perceiving that it was river Amazon, the Severn, and the Bay of Fundy. 
necessary to consider the earth as a revolving body. The same place may be the seat of several tides at 
and the skill of correctly introducing this considera- onoe, which may increase or destroy one another ; 
tion. The last point alone, in our opinion, gives a thus, a small tide is propi^ated throngh the Straits 
greater claim for reputation than the boasted explana- of Dover as &r as ^e Dutch coast, where it only 
tion of the long inequality of Jupiter and Saturn." ^ arrives aimnltaneously with the principal wave, 
We must, however, qualify this eulogy by adding, in which has made the entire tour of Great Britain, 
the words of the same writer, that Laplace's theory. As regards the progress of theory, Dr Thomas •f^^^^^ 
though based on sounder principles than the equih- Yonng, whose character as one of the greatest q, Toquk 
brium theory, " has far too little regard to the actual philosophers of the past age we shall have to con- 
state of the earth to serve for the explanation of even sider in another chapter, next after Laplace grappled 
the principal phenomena of the tides." It is, in fiict, with the difficulties of this arduous subjeet. £m- 
lihe many other productions of the same age and ploying mathematical methods of inferior power bat 
school, a great display of ingenuity and mathemati- greater directness, and taking into account causes of 
cal skill, which hudiy yields a single result worthy local action which LapUce had not ventured to in- 
of confidence, or agreeing with nature, except by the elude in his analysis, he gradually matured a theory 
abandonment of its deductive rigour, or a concealed adequate to represent many of the results of ez- 
induction backwards from the phenomena to be ao- perience, of which Laptaoe gives no acconnt. 
counted for. The same amount of skill and resource He distinguishes the results of the forced aaifret '^^'^j 
which Mr Airy has shown in adapting it to his own oscillations of the sea ; the former resulting from the fy^cnd 
views, and to recent observatjons, would probably direct action of the sun and moon combined with the wstm. 
have sufficed to construct a theory from the foondo- rotation of the earth, and whose periods of rise and 
tion. By others the attempt seems to have been fall are determined solely by those external coosae 
abandoned as hopeless. (external, I mean, to the mass of the ocean) ; the 
(TO-) Since our limits will not permit us to return to free waves, on the contrary, derived from the former, 
ipj^^Qjthe subject of tides, we shall here briefly state the are transmitted with velocities depending on the me- 

Wbawell progress of the subject since the time erf' Laplace, chanism of the finid itself, on its depth, and on the 

ffir J. Lab- The chief steps have consisted in co-ordinating the resistances arising firom friction to which those mo- 

"™' results of observation and analyzing them into their tions are exposed. These all-important modifications 

partial phenomena, by the help of Newton's and of the dynamical Theory of the Tides were deduced 

Bemouilli's theory. This labour has been greatly by Dr Young from the general theory of oscillations 

advanced by Dr Whewell, and also by Sir John Lut>- and resistances, and from the laws of fluids detected 

Cottdsl bock. The former has constructed maps of " cotidal by Dubuat,' and he applied them with no ordinary 

^■>**- lines," which, indicadng the relative time of high skill to the solution of the problems of tides in 

water in difierent parts of the globe, give us a gra- oceans, eatnories, and rivers. It is an extraordinary 

phic conception of the course and propagation of the foot, and not without significance, in the history of 

tidal wave. The tides of the Eastern Pacific are but science, that these researches of Young, published 

little known ; but a vast wave advances northwards anonymously in the Supplement to the Sixth Edition 

between Australia and Africa, diverted or retarded of the Encydopssdia Britannica, and in the Seventh 

by the ol»tacles it meets with in the Indian Archi- Edition of this work, and likewise in several jonr- 

pelogo. Another (and to us the most important) nals and reviews, so generally escaped notice as to 

branch sets firom south to north up the vast canal of have been almost unknown till Dr Peacock, in his 

the Atlantic, where it is gradually complicated by recently published " Life and MiBcellaneons Works 

local tides, having their origin in the wide expanse of Dr Thomas Young" has fortunately recalled 

between A&ica and the G-ulf oi Mexico. The two attention to their existence and their important 

sets of waves sometimes reinforce, sometimes oppose, results. 

one another ; they are prolonged to the western In doing so, Dr Peacock has communicated with C^-) 

shores of England and Norway, where the tidal im- Mr Airy, whose very valuable article on TSdet and j^^ Md" 

pulse arrives 24 hours after it passed the Cape of Wow has been above referred to (76), and has w»vm. 

Good Hope. It is propagated most rapidly at a dis- ascertained from him that Dr Young's researches 

tance firom coasts, and is retarded in narrows and had escaped his notice when he undertook that 

shallows. It sends offshoots into every bay and elaborate recension {^Laplace's theory, and made 

str^t, always greatly retarded in point of time (ap- those important additions to it to which I have 
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called attention^ It ia rery satisfaistory to find that, applied it to daaseB of problems altogeUter new. 

hj their independent and rery difierent modes of We find that most of the principles of the Calculas 

uiolTsiB, Mr Airy and Dr Young have arriTed at were established h; James Bemonilli, in the earliest 

resulls generallj coinddent. It is in the essay part of the eighteenth centnir, who gave the fintHiatorj of 

of the former that most readers will now seek for an application of the Binomial Theorem to determine *^*^^*^'''* 

acquaintance with Laplace's abstruse investigations, the probability of a porticnlar combination of a given 

whilst they will find in it the bearing of experiments nnmber of tlungs occarring, in preference to all the 

more recent than the time of Yonng on the propa- other equally possible combinations. Stirling dis- 

gation of waves in canals, the theory of Mr Airy, covered a cnrions theorem for approximating to the 

beginning as it were at the opposite end from that of continued product of the arithmetical series of num- 

Laplace, and offering fkr more points of contact with bers carried to any extent, which perpetually occnra 

actual observation, particularly in the Tides of in such calculations. Demoivre carried out Halley'a 

Rivers and Estuaries. The theory of Young will application of it to the laws of mortality. Condorcet 

naturally be best studied in his own article Tides, applied it to moral questions ; Mitchell to natural 

in this EncydopKdia. phenomena, considered as the results of accident or 

design ; Lagrange to errors of observation. The 

(83.) IV. Jq the fourth place, we connect the name of chief applications of the Theory of Probability are Itiehlif a^ 

Jj^|^_ Laplace with the prepress, during the period we are the following : — 1. To chances known A priori, as pli»»«<HU. 

Um. considering, of the curioiu doctrine of probability, that of throwing two given numbers with dice, the 

or the laws of chance and expectation. These he whole range of possibilities being known with pred- 

discusied in two works, the TMorie Analytique and sion. 2. The calculation of the expectation of fiitun 

the Euai PhUomphiqve lur le» Probobiltctf* — the first events on a great or average scale, deduced from the 

the most mathematically profound, the last the moat past course of events observed also on a great or 

popular and elegant, account of the subject which average scale. Of this description are the calcnla- 

haa yet been given. Neariy all mathematidans are tions of life assurance, first tabulated by Halley. 3. 

agreed on two points — -Jirit, in considering this the To find the most probable result of a nnmber of in- 

" most subtle" and '* difficult to handle" of all the dependent observations and problems of a like kind, 

applications of thdr sdence, involving a perpetnal 4. To the proof of eawation as opposed to acddent 

recurrence to eonttn^enct'w, and to elements of the or " random," derived &om existing combinations of 

argumrat easily left out of account, and in which, fiicts. 5. To the probability of testimony, and the 

more than in any other, it is dangerous to let sleep confidence due to legal derisions, None of these 

for a moment the severely reasoning faculty, or per- inquiries are -peeviiar to Laplace, or originated with 

mit it to be lulled to security amidst the maze of him. We select, however, for a brief notice (which 

symbolic transformation. In truth, from experience, must be confined to a few seniences) the thira and 

I am disposed to receive with donbt the solution of fourth of these applications. 

ev«n a tolerably simple problem of chances, unless The chances are enormous against the most expo- (8S.) 
two competent persons at least have concurred in rienced marksman's hitting the bull's eye of a target, ^'' '°^ *'" 
verifying it. Secondly, Mathematidans are ^reed But if he make many shots in succession, the halls ^],j,^^ 
in considering Laplace's TA/orie nearly, if not quite, will be lodged round about the spot at which heiuitofs 
the ablest specimen of mathematical writing of bis aimed, and they will be fewer in each successive ring numbw of 
age, notwithstanding a degree of obscurity and rope- of equal area drawn round the mark. The degree ^" nVdhier- 
tition in addition to the inherent abstruseness of the of their scattering will depend upon the skill of the vsUom. 
subject, which render it, in the opinion of one of the marksman ; but in all cases the most probable result 
moat learned and extensively read of our pure mo- will be, that the point aimed at is the c«n(re of gravity 
thematidans,* " by very much the most difficult ma- of the shots. This may be shown to be equivalent to 
thematical work he ever met with," saying that (As most probtAle retult of any nwnber of 
(Si.) A single paragraph has been devoted to the subject equally rtiiable obtervationi it that which will moJbs 
'"P"T*", of probabilities in Sir John Leslie's Dissertation, the gum of the sqvaret of the out*tanding errors a 
iDTMdn- relating to its earlier history ; and the subject was so minimitm. This rule was conjectnrally proposed by Ltgmdra's 
tlon by popular during the last century, that there was Legendre in 1606. A demonstration of its truth was method of 
liapUos. scarcely an eminent mathematician who did not add first published by Laplace. It ia of great Practical ^^^^^^ 
something to its practical development ; so that La- use in deducing the results of complex observations, 
place may be considered rather to have enlarged such as tiiose of Astronomy, and generally in corn- 
widely its applications by means of his almost unex- tuning " equations of condition" more numerous than 
ampled power in handling the calculus, than to have the quantities whose value is sought to be extracted 
im|nroved or eslabliahed its first prindples, or even bom them. In very many coses, however, a graphical 
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method of interpolation will serve the same purpose, the matter, it is one whioh few penons are competent 

as well oa save a very tedioua calculation. Perhaps too to handle. The state of health of Mr £Uis leaves ua 

much importance has been assigaed to the " probable little hope of hia resuming the inquiry ; but two 

mean error" of a single obeerration deduced from eminent mathemadcians, Mr De Morgan and Mr 

many individual errors by the same tbeory. If a Boole, have published considerable works chiefly 

man has but one shot at a target, it is perfectly nn- bearing upon it 

certain (by hypothesis) whether that shot be one of As an implonent bearing upon dieqpvery in (87.) 
his best, or one of his worst, or one of hia middling edence, the Calculus of Probabilities has as yet been ProbabllHy 
ones. Bat as there are more middling hits than of little service. Whilst Laplace tries to indicate how" ^^ ' 
very bad or very good ones, there is a certain dis- it guided his researches connected with planetary irre-ooiarj. 
tance which it will be safe to bet (t. e. for which the gularities, every one sees at a glance that, with the 
probability is ^), that he will not exceed ; though it data before him, common sense must have outstripped 
would be a strange occurrence indeed, if he exactly analysis. Laplace has called the doctrines of pro- 
struck the ring in question. This is all that is meant bability "good sense reduced t4) calculation." What 
^''*"'* by the phrase " probable error ;" it is an entirely is to be feu«d is, that tiie calculation should outstrip 
artificial number, which serves to give a sortof nume- the good sense, 
rical value of the skill of the performer, but is other- 
wise of no importance, Itaapplication has sometimes V, Fifthly, We are to consider Laplace's charac- C^-) 
been strangely mistakeu. Even the " rule of least ter as a general physicist and as a writer. ehln^M 
squares" is often misapplied, and empirical laws al- In the former respect he stands in a higher post- u « phj. 
together felse have been deduced from it ; for it is tion than that usually attained by eminent analysts, iieiit, mad 
rare in practice that the chances of error of obserra- In &ct, if we compare him with any of his own *f *" *"' 
tion of a varying quantity are the same throughout generation, we find him not only better acquainted 
the limits of observation. with physical prindples, and more scrupulous in 
FniblbUitv ^^^ ^""^ applications of the doctrine of proba- taking aceoont of th<mi in his mathematiod discus- 
of TmU- bility which pretend to give us a measure of our belief sions, but even possessing skill and interest in ex- 
noDjmnd in the constancy of natural laws, in the confidence due periments. The Calorimeter for measuring the capa- 
of DMtgD. to testimony and to the teachings of history, in the cities of bodies for heat was the joint invention of 
proob of design in coamical arrangements, — are Lavoisier and himself; at least their memoir does 
inquiries which, from their connection with meta- not assign to either a predominant share in it,' and 
physics, religion,aDdmorals,havehad a higher inteiest their determinations of the expansions of the metals 
for mankind at large than ordinary problems about by heat seem also to have been made in common, 
cards and dice. To these Laplace paid peculiar His happy discovery of the chief or sole cause of the Hanoiiaaa 
attention ; and the reputation of his name tended to discrepancy between the theoretical and observed ii«^ in 
create in others a belief that the analysis he so power- velocity of sound (due to the heat developed by com- ^o.^™"" 
ftilly wielded could communicate a portion of its pression) would alone have given him a just reputa- LavoUor. 
certainty to the data subjected to it, and gave a tion, so anxiously had the matter been debated, and 
currency to many of his conclusions to which we so much was it involved in a purely mathematical 
believe them by no means entitled. Professor Play- intricacy. Even in his great vrork on physical aa- 
lair, «me of the most ardent of Laplace's admirers, has tronomy he takes a peculiar pleasure in embracing 
recorded (in a criticism in the Edinbwgh Review, of topics of terrestrial physics. We there find discussed 
the works we are considering] his total dissent from the theory of barometrical measurements, the ques- On Baro- 
Laplace's doctrine that the transmission from age to tion of atmospheric tides, the laws of capillary attrac- matriial 
age of the historiorecordof a fact diminishes its credi- lion, and the constitution of the gases. As to the first ^***'"*' 
tagUea's bility in a geometrical ratio. But a Cambridge of these topics he made a pnwtical improvement on ^"^i^r* 
™^°r^ mathematician and speculative philosopher of singu- the formulte of his predecessors, so that his rules are AuncUon, 
' lar penetratioD, Mr Leslie Ellis, has most formally in fact still in use. As r^ards capillary attraction, * ^■"^'"^ 
asBiuled^ the principle of nearly all Laplace's esti- he was materially anticipated by Young, who B^-ftudoaaT 
mates of onr expectation of events arisit^^m causes dently considered his priadples to have been pirated ; 
unknownorBssumedtobeso,Buch,forinstance,asthat yet his theory, though obscured by a display of re- 
ft common cause determined the revolution of all the dundant mathematics, was a real improvement. His 
planets in one direction. The subject of Uie meta- theory of tides, and that of atmospheric refractions, 
physics of jnvbability evidently requires a complete though closely connected with physical astronomy, 
reconsideration ; and, owing to the singular snbtlety of were in &ct not less so with the doctrines of hydro- 

1 Cuabiidgs TranMotionl, Vol. VIII. The wriUr of tb«M pagH hw aba given bia nuoni for dlMtntlng tttaa tba ugn- 
maoU of Miehdl fwbleh bsTe bceo auctianed b; tha BDtborit; of laplKc) on mi Mtnmomical qu«Mion u diicunad b; tha 
Tbtary of Probabilitiea. 8«e PUlowphieal Itagojint for DacemlMr 1860. 

* Dr Black, ttae dltcotarer of iaUnt hut (who wu probably well-iDfonnad), tiataa Id a letler to Watt that he beUavM 

ImfUitn to baTo be«D the laveator. See Catntpo-ndtnt* of Waa m tin Dtcvmpoiilion ^ Waur, p. 66. 
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dynamicB aad optics ; and ve ehalt find very few umpbed in snocession over anch fonnidsble causes of 

important branches of general phjaics in which he donbt. True that Lagrange, is his memoir of 1783, 

has not left some permanent record of his interest, had come within a single step of tlie first of these 

in the Gonrse of his career of fifty-Jive years of discoveries, and, by a process of exclusion, had almost 

anxious devotion to sdenoe. forced attention in the right direction respecting the 

(89.) His largest and most systematic work, the TraiU latter ; still Laplace seized the prize in both cases, 

d^M^ rf» MSnaniqae CiUtte, in five quarto volumes, was after a fiair, prolonged, and arduous struggle. Now 

eimiqua ^^^ Only most ably executed, but exceedingly well these three diacovsries were the greatest in physical 

CUau. timed. The applications of analysis to physical astro- astronomy between those of D* Alembert and Clairaat 

nomy had been accumulatii^ for nearly a century, on the jo'ecession of the equinoxes, the motion of the 

Hundreds of memoirs relating to tbem, dispersed lunar apse, and the periodicity of comets, — aud that 

through many volumes in di^rent languages, written of Leverrier and Adams on the perturbations of 

withvaryii^ ability,in various stages of scientific pro- Urauus about a century later. 

gress, and with difiering notations, presented a mass The universal testimony of mathematicians is to t^^?22 

of reading almost beyond the reach of the most reso- the e^ct that IiBgratige was unrivalled as a pui^ compared 

lute student. Laplace undertook to digest the whole analyst, iu his power of generalization, and in the with Lft> 

into one body of doctrine, composed throughout on inherent elegance of his methods ; that Laplace, E»iig«' 

a uniform plan, with the best mathematical aids which with nearly equal power in using the calculus, had 

were known at the commencement of this century, more sagacity in its mechanical and astronomical 

And though improvements and discoveries have been applications, or rather, perhaps, we should say, in 

since made, the ulethods and most of the results of directing it to tiie discrimination of causes, and the 

the Mieaniqwe CSleiite remain, with littie variation, revelation of consequences. 

the preferable ones of our own time. As a work of In other respects he difibred Ear more widely ^m (Bl.) 

labour, it may compete with the JPrineipia of New- his illustrious compeer. He rather courted popu- ^1* pnlilio 

Wwe itm ton ; as an original work, it is of course immeasur- larity, and was pleased at being considered worthy °^'****'' 

•^W°^ ably inferior. Its principles are, in feet, the same of political distinction. For a short time he was one 

jiyfutiJl,. ^t;h those laid down in that immortal code, and its of Napoleon's ministers; but the Emperor, it is said, 

deductions are collected (as we have said) &om the was more satisfied with his mathematical than with 

writings ofClairant,D'AIembert,Euler,and Lagrange, his diplomatic talents. He bad none of the shyness of 

as well as from the previous memoirs of the author Lagrange, nor his repugnance to general socie^. He 

himself Laplace has been too sparing of his cita- received with afiability and kindness those who were 

tions and acknowledgments, and a consequence of introduced to him, and his attentions were after^ 

this literary avarice has been that he is sometimes wards recollected with gratitude by rising men of 

considered as more of a compiler aud leasofadis- science abroad. He had a villa at Aroeuil, adjoining 

coverer than is justly his due. For however ill he that of Bertholtet, and was one of the original mem- 

conld have dispensed with the skilful preparations bers of the " Society d'Arceuil," to whose memoirs 

of his illustrious rivals and contemporaries, his pre. he contributed. He exercised a powerful influence ud u ■ 

eminent s^acity ftimished on several occasions the in the Academy of Sciences, of whidi for a time he JJ*°?" "' 

key-stone of the arch which imparted at once strength acted as dictator, and he was not very tolerant ofdemjof 

and completeness to the fabric. We have seen in views in science opposed to his own. The nndula- BaieucM. 

the last section that though the credit of the tbeo- tory theory of light he always opposed, and was 

remsrespectingthestabilityofthesolarsyetemisvery mainly determined in doing so by the fecility with 

generally attributed to L^range, who, indeed, prin- which the attraction of luminous corpuscles could be 

cipally furnished the methods, and gave great gene- subjected to calculation, 
yatrint r^ty to the results, yet the capital discovery of the The weak pointof his scientjficcharacter was oneso (SS.) 

lum jiutly invariability of the major axes of the planetary orbits natural, and perhaps so inseparable firom his prevail ^^tuLi 

DobMraT " '1''^ *" Laplace. It was he, again, who removed ingstudies, thatitis notfturto critidseittooseveiely.^,^!^, 

fhim the theory of gravity the two greatest and This was a love of analytical display in treating qnes- 

most impracticable difficulties with which it had tions which it rather embarrassed than illustrated ; 

ever been assailed — the anomaly of the lunar ac- and generally, a disposition to overrate the sphere of 

celerations, and the great inequalities of Jupiter and mathematical discovery. This he had in common 

Saturn, and by so doing rendered it almost infinitely with Eoler, to whom he was very superior in physical 

improbable that any future discrepancy should more attainments and sagacity. His language, and that of 

than temporarily embarrass a theory which had tri- his eulogists,' often amounts to the assumption that 

* For InMuice Artfo uys (apwklng of the invarikblUty of tlia major am) : " Enfia pftr la tonte-painuK* d'ima formnle 
mathlmatlqne, le noode materiel le troava Taffermi ear lea fondementa" (^nniioir*, 1 844, p. 804). Tbi> il lodaed the idolatry 
of mathemiilci. Itanj example* may befouodin Laplace'* wrl tin ga on Probability ; which iKea*]oiied Mr £111* tony of Mm, that 
" to Laplaei all the leasoiu of Hiatory were merely confirmatloni of the ' leiulCat* de calcol.' " To the lame effect wai the suit 
of Nap^eon, " that Laplace oairied loto th« art of goTernmeDt the principle* of the in&iiteiimal caleului." 
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die marrelloas power of analjaia, in unntTelliog intii- espositioa of astronom]' in theory and practice en- 

cate conacqnences of admitted or assumed lans, could tirely original in ita plan and execution, and thoi^h 

supply deficiencies of primary conceptions of tte laws frequently imitated, it is still perhaps the first of ita 

of nature, or could teach men fundamental trutha in class. 

natural science. Laplace was bom in Normandy 23d March 1749, (94.) 

(93.) To odd to the remarkable list of Laplace's endow- and died the 6th May 1827, leaving in the Academy p'^ of 

rf '*5»d*' ™6nt8 one more ; he was a perspicuous and elegant he had so long honoured no one within many d^rees ^^^^ 

writer. His SyttSme du Monde contains a papular of bis aliiUty in the aame peculiar walk of science. 



§ 3. Leoendre. — Ivory — Theory of Integration; ElUptie Tranacendants (Abel, Jacobi). 
The Attraction of Spheroids, and Theory of the Earth'e Figure. Atmospherical EefracHont, 



(98.) Adrien Maxib Legemd&b was bom in France in 

Legendre. 1752, and died in 1833 (10th January); be was 
consequently three years younger than Laplace, and 
survived him by nearly six years. He foi-med, there- 
fore, an integral part of that constellation of mathe- 
matical talent of which Paris was for more than 
two generations the mun centre. Like bis illustrious 
compeers Lagrange and Laplace, be laboured with 
enthusiasm all tbe days of his life, and like them was 
engaged in editing and improving his works down 
almost to tbe day of bis death, at tbe npe age of four- 
score. 
(96.) The mathematical career of Legendre was less 

Doiihad u ^P^^i''^^ ^'^ ^'"^^ <^ ^^^ other two whom we have 
an kbi> jnst mentioned. He did not poBsess tbe wonderful 
mktiie- powers of generalization of Lagrange, and he wanted 
DuticiMu (j,g flexibility of mind, and the generol physical 
knowledge, of Laplace. Legendre was very strictly a 
matbematidaa ; and he has been exceed^ by none 
in the anquenchable zeal witb which he pursued sub- 
jects of a dry and even repulsive chiuncter, often 
till he had hunted them down by sheer force of ap- 
plication, or, to adopt the metaphor applied to him by 
Lf^range, until be carried, sword in hand, the strong- 
hold which he besieged. 
(97.) Xo more striking proof can be given of these state- 

His re- nients than tbe unflinching pertinacity with which, 
EUlptlc during nearly fifty years (1786-1833), he studied and 
Fanctiani. improved the theory of Integration, applicable to those 
cases frequently occurring, which involve the higher 
powers of the independent variable, and which do not 
usually admit of finite expression. Two large works, 
the ExemUet du Caletd Integral (1811), and the 
Train del Fonctioru EUiptiques (1827-32), — tbe lat- 
ter in good measure a republication of the materials of 
the former, — beartestimony to bis diligence; and these 
works were almost entirely original, and contained 
tables of most laboured construction, calculated by 
liimselfi Hardly any mathematician entered into 
competition or co-operation with him until bis 
labours were drawing to a close, when, with a libe- 
ral]^ worthy of all commendation, he welcomed the 



analytical discoveries of Abel and Jacobi, which 
were to give an unlooked-for extension to his own, i 
These methods of integration, and their reference to 
certain properties of tbe Lemniscate and the Ellipse, 
originated in the early part of the last century 
with Fagnano and Euler. Legendre took up the 
subject exactly where Euler left it, and finally re- 
du<^ the large class of expressions to which his 
methods are applicable to three standard forms or in- 
tegrals in which the independent voiiable is always 
expressed by a circular function, and to which a 
numerical ^proximation may always be made by 
means of the tables calculated by himself. 

Abgi., who succeeded in generalizing Legendre's (9S.) 
methods to a fiur greater extent, was a native of*'^''' <"•■ 
Norwoy, bom in 1802 (25th Augu«t),> and died^^"^/" 
at the premature age of twenty-six (1829, 26th(ni^«et;hia 
April). His principal memoir was presented to the pertnuJ, 
Institute when he was only twenty-four yeors old ; '"""T- 
and, to use the language of Mr L^tie Ellis, " when 
the resources of the int^ral calculus were appar- 
ently exhausted, Abel was enabled to pass into 
new fields of research by bringing it into intimate 
connection witb a new branch of analysis, namely 
the Theory of Equations. The manner in which 
this was done shows that he was not unworthy to 
foUow in the path of Euler and of Lagrange."' 
Legendre's eulogy of Abel was concise ; — " Quelle 
tete celle dn jeune Norvegien !" It is less agreeable 
to add that the life of Abel was perhaps shortened by 
poverty and care. Though ultimately befriended by 
Legendre, FoisSon, and others, his firstvisit to Pari9(in 
1826) occasioncdnothing but disappointment, and his 
great memoir (no unusual lot, for the same happened 
to Freenel) lay hopelessly lost amidst the papers of the 
Institute for fifteen years. Much, however, to their 
credit, the geometers above mentioned at length ad- 
dressed the King of Sweden on behalf of the rare genius 
his dominions contuned ; but in vain. Abel died ne- 
glected, unable even to print his researches, which were 
tardily given to the world in a collected form, at the 
expense of the government which refused to support 



^ Than ii wma diicrepuiey, m to tha jmir of hit birth, bat I beliaT* tbii to ba corrac 
■ Keport on the recent progrew of Aiulyili. BriCuh A«K>cUtion Bepott for 1646. 
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him wben alire. The Frencli Academy, wMch had cians, and, at a period when bnt few Englishmeii 
biiriedfaiememoirintheirmostiTiacceBsible"arohiTe8," were able to tindentand those difficult works, be 
decreed too late the unprecedented hononr of a poet- showed hia capacity of adding to their value by ori- 
hnmons medal to hia mother. Jacohi, the friendly ginal contributions, not unworthy of the first ana- 
rirat of Abel in his discoTenea, died recently, at a lysts. We pasa over hia earlier conliibutionB con- 
mature though not advanced age, at Konigaherg, nected with mathematics and astronomy, several of 
where he was professor. which are contained in the Transactions of the 
(09.) But to return to the labours of Legendre. The Royal Society of Edinbui^h, and proceed to bis 
Ingandra's theory of the figure and attradioit of the earth most celebrated paper, published in the HiiloBO- 
^^^^^^ and (^ other planets naturally divides itself into two phical Tranaactions fbr 1800, in which he com- 
traetion of parts — ^1.) the law of attraction of an ellipaoid on pletely and definitely resolves the problem of attrac- 
BUlp«tid>, a material point without or within it ; (2.) the figure tions for every class of ellipsoidal bodies. After 
of equilibrium of a fiuid subjected to no forces but what has been stated above as to the position of the 
the mutual attractiona of its particles, and the cen- problem as treated by Legendre, a few words will 
trifugal force due to its rotation. The latter of explain the precise import of Jiwy» TAeorem, one of 
these problems is still imperfectly solved, the former themost celebrated mathematical results of that time, 
completely so, and that mainly in consequence of the We have seen that the attraction of an ellipsoid (104) 
labours of Legendre and Ivory.' on a point wiihin or at its surface had been assigned ^'» *"?«* 
000.) Though the services of Legendre are well known by Madaurin. The theorem in question enables "^^^*J^^ 
r"Vrt"* ""^ admitted, the superior address of Laplace in the us at once to reduce the ease of an exterior attracted tttncti on 
^^^(^'(^ applications of mathematica has occasioned his re- point to that of a point on the surface of the ellipsoid, "rf^l'lp- 
Lsplace. ceiving the credit of what in some inatances belonged Suppose an ellipsoid having the same eccentricity, '^^' 
to the former. and with the principal sections parallel to the first, 
no^) Maclaurin, by an exercise of synthetic skill not but whose sTirface passes through the given exterior 
yj*'°^5l exceeded since the death of Newton, had demon- point. Let points on the surface whose co-ordinates 
strated the attraction of an ellipsoid of revolution parallel to the three axes of the respective solids are 
upon a material point anywhere tvitkin it or on its proportional to those axes be called corretpondinp 
surface, as well aa for on exterior point in the points; then the attraction parallel to each axis 
prolongation of its oxia or in the plane of its which one of these bodies exerts on a point aitnated 
equator. The same problem was afterwards ana- on the surfiice of the other is to the attraction of the 
lytically solved by D'Alembert and Lagrange. In latter on the " corresponding point" of the sur- 
1782, Legendre, by a profound and complicated face of the former, as the product of the two other 
analysis, obtained an expression, by means of series, axes of the first ellipsoid is to the product of the two 
for ihe attraction of an exterior particle generally, other axes of the second. By this means the attrac- 
and he was the first to imagine and employ those tion on an exterior point is accurately expressed in 
artifices of calculation known usually by the name terms of the attraction on an interior point, which 
of " Laplace's functions." Laplace made a step is known. It is fair to add that both Legendre and 
towarda the simplification of the expression of ex- Laplace had some glimpses of the principle, though 
terior attractions, but the complete solution was they failed to apply it to the direct solution of the 
reserved for Mr Ivory, as I shall mention below. problem, and between the publication of their Me- 
(102.) The other labours of Legendre need not be spe- moirs and that of Mr Ivory there elapsed nearly a 
Other cified here. He co-operated in the trigonometrical qu^ter of a century. 

"*"■ survey of France, and gave the formula, known by Besides this paper, Ivory contributed many others (105.) 

hia name, for approximately reducing a apherical to on the aubject of the attraction of spheroids and the ^^ ""•*" 

a plane triangle. He also wrote on the orbits of theory of the figure of the earth, during a period of^'*'*' 

comets, and on the method of least squares. nearly thirty years; several of these were controversial, 

and £d not add materially to the progress of the sub* 

(103.) Jakes Itort, Ae most considerable British mathe- ject; others are considered as masterpieces of anal yd- 

Ivo'7- maticion of his time, or that had appeared since Mac- cal skill. One of the last subjects which occupied his 

lanrin, was bom at Dundee in 1766, and studied at St attention was the possible equilibrium of a spheroid 

Andrews along with Sir John Leslie, The moat ac- with three unequal axes, which Jacobi had discovered, 
tive period of his life was passed as mathematical pro- Between the labours of Ivory and those of Legen- (106.) 

fessor at the Military College of Marlow (afterwards, dre a great analogy subsists ; for the doctrine of ellip- 

removed to Sandhurst). He was essentially a self- tic integrals also occupied the attention of the former. 
taught mathemadcion, and spent much of his time in But next to the theory of attractions, that of At- (107.) 

retirement. He fiithomed in private the profoundest motpherre Refraction most seriously engaged Ivory's ^j™"^ 

writings of the most learned continental mathemati- attention. Its great importance in astronomy, andf^^^u^ *" 
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the enrions mathematicBl difEcnlties whicli it pre- on tbe 21st September 1642. Probsbly his unceasing 
sents, renders it rery interesting to analystj. La- devotion to a confined and abstrnse topic of enquiry, 
place bad applied to it his method of Generating reacting on a sensitive frame, rendered him in some 
Fnnctions ; Kramp bad inlrodnced into his (now degree irritable and nnsocial. He was not altogether 
Ecarce)treatiaethealmoBtnew CalcnlnsofFactorials; responsible for this ; bat stndents of science should 
and others, tike Besiel and Atkinson, bad skilfnily recollect that diversity of occupations and interests is 
combined theory and obserratioD for the construe- subservient not only to bodily health, but also to men- 
tion of useful tables. One of the most curious re- tal eqnanimity and vigour. 

suits of recent enquiries into this subject is, that Sir The historian of science dwells with a special ii-n.^'^P 

Isaac Newton's table of refractions [Fhil. Tratit., terest on the results of Ivory's labours, when we 'e-D^^tpoJ. 

1721) must have been founded on a profound con- cal the singular destitution of higher mathematical tian us 

aideration of the problon, such as no one else thought talent which had reigned in this country for so long aBria»hM«- 

of till a much later period, and is ao numerically ex- period, and which left ua not only no position in the*^" 

act as to agree closely with the later tables, Kramp's great struggle going on abroad for the advancement 

for example.^ of physical astronomy, but scarcely even the rank of 

Mr Ivory attained the ^;e of seventy- seven, dying intelligent spectators. 



§4. Progress of Phy^eal Astronomy eince the publication of the Micanique Celeste. — PoiBBOH. — 
Theory of Rotation (Poinsot). — Mr AlST — The Solar Theory. — MM. Plaka and Hasbes — 
The X/ttnar Theory. — Physical Astronomy in America. 

(110.) The more that any theory of a mathematical kind. Constants, he embraced in a common series of fbr-?™ "f**" 
dl&cid^of''''^ that of Gravitation, advances to perfection, mulaa the result of those mechanical laws which ' 
pbfikalu-the less reason have we to expect great and striking regulate the rotafton of bodies, together with those 
troiKNii7. results iathe prosecution of it, and the more intense concerned in their tramlatitm in spaoe. This inl- 
and continuous is the labour ia matters of detail ne- portant subject (rotation) continued at intervals to 
cessary to make any advance at all. ^ugage the attention of Poisson, not only as re- 
(^"j* As regards the general koA popular view of the gards the motions of the heavenly bodies on their 
^g^"^^ subject, we might pass at once from the epoch of La- axes, but also as a branch of common mechanics. 
pnbUoKdott grange and Laplace to that of Leverrier and Adams. The basis of this intricate doctrine was laid by Huy- 
oftl>* Kotwith standing, however, the necessity of extreme gens; Euler, in a celebrated and original work, 
jS^"*^*" compression, I must devote one short section to men- gave it a general and analytical form ; D'Alembert 
tioniug the chief labours in connection with physical solved by it the problems of precession and nutation ; 
astronomy of foureminentmenmentionedinourtitle, Laplace demonstrated the constancy of the time of 
who may fitly be considered as the immediate succes- the earth's rotetion round its axis. This last pro- 
sors of Laplace. Two of them will be again referred blem was more fully discussed by Poisson, who showed 
to in this discourse. by theory that nei^er can the earth ever rotate round 
fll!'.) SniBON Dbnis Foibsom, bom in 1761, may be an axis different from its present one, nor can the 
siud truly to have been brought up at the feet of La- time of its rotetion vary in consequence of any ex- 
grange and Laplace. He was their pupil in the first temal attractions to which it is subject. These two 
and brightest years of the Polytechnic School, where matters are of the utmost moment j the first prevents 
he was especially noticed by the farmer. He had the latitude of places from varying, and also renders 
the distinguished privilege of being literally their impossible the extensive flooding of dry laud by the 
fellow-worker, his early memoirs having reference to waters of the ocean, which would be the evident con- 
their labours, and stimulating the still vigorous mind sequence of such a change ; the second assures us 
of Lagrange to the production, in his latest years, of that the grand unit of reckoning in all ages, the''""''^'''* 
several memoirs, which have been considered worthy basis of astronomical chronology and of physical ^^ ^^^^ 
of his best days. I refer more particularly to Fois- astronomy generally, tkelefigthofthemean tolar day, i^y, 
"^Ji^ sou's proof that the stability of the planetary system has not varied, and never will perceptibly vary under 
t]ia«^^;holds when perturbations of the second order are the action of known forces. Laplace had long be- 
taken into account, as has been steted in the first fore proved, by a comparison of ancient eclipses with 
section of this chapter, Art (56.) This was in 1808, modem observatims, that, practically, the length of 
Soon after, following out another of Lagrange's ad- the day had not varied in 2000 years. It appears, 
mirable generalizations of his theory of Arbitrary indeed, that since the earliest recorded Chaldean 
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eclipM (that of b.c. 730), the rotator; Telocity has tiona, and attriboted the error chi^j to the aMomp- 
not altered by one tet^-millionth part tion of erroneous masses for Venos and Mars. But 
(113') An eminent contemporary and rival of Foisaon, M. prolongedstndy satisfied him that it arose from a "long 
on' lt«u- Poiii'ot) lia* added many elegant propositions to the inequaUty," arising from the mntnal action of the 
tion. Theory of Rotation. M. Foinsot is also the author of Earth and Venus, similar in its nature to that men- 
the Theory of Statieal CoupUs, which now forms part tioned id Art, (66), as detected by Laplace in the 
of all elementary treatises on mechanics. case of Jnpiter and Saturn. It arises &om the cir* 
fill.) PoisBon wrote many other papers on subjects of cumstance that eight times the orbital period of the 
writbn of P^?*'*^ astronomy, such, for example, as the Lunar Earth is almost equivalent to thirteen times that of 
. poiMia. Theory, but they ^d not lead, on the whole, to strik- Venus. Terms of the series expressive of the mn- 
ing conclusions. In lact, he allowed himself to toat action of the planets, which are divided by thir- 
be diverted from this his most natural calling, by teen times the mean moUon of the former minus eight 
the ambition of constructing a aystem of Physics times flie mean motion of the latter (which is a very 
mainly founded on the applications of analysis, small qoantity), may consequently become consider- 
Some bulky volumes of this series appeared, espe- able ; still more, those involving the square of this 
cidly those on Capillary Attraction, and on the quantity. Such terms belong to the fifth and higher 
Theory of Heat. The author here shows him- orders of the excentridty, and would consequently be 
self as a profound analyst, bat adds little to our very minute indeed, but for the casual magnitude of 
knowledge either of principles or of important re- their coefficient. The labour of tracing out and cal- 
snita. A similar criticism may be applied to his dilating the effects of these important terms from the 
theory of Elastic Sabstances, and to his doctrine of vast mass of algebraic developments is enormously 
Waves. His papers on Magnetism and Electricity will great, — much greater than in the corresponding case 
be mentioned elsewhere, but their character is some- of Jupiter and Saturn. As the calculations are not 
what similar. lo Optics he was attached to the very likely to be repeated, Mr Airy took extraordi- 
Newfamian theory. In Mechanics not requiring as- nary precautions in their verification. The period 
sumptions as to the properties of matter, be was very of ^e inequality depends, first, as has been explained 
suceessful. He was eminently a solver of hard pro- in Art. (67), upon the period required to carry the 
blems ; his investigation of the whole circnmstances pomt of conjunction of the two planets completely 
of motion of a projectile in air deserves notice, round the circumlerence. This period b no leas than 
Indeed every branch of mechanics received his atten- 270 years. The perturbation is of course mutual, 
tiou, and the number of his printed papers is said to and a^cts the place of Venus as well as of the Earth, 
exceed three hundred. On the whole, he will, per- Mr Airy is idso the anthor of investigations con- (116.) 
haps, be most generally and favourably known by the nected with the Figure of the Earth, and the Theory 
^onuL cxcBllentTreatiseonMechanicawhicbhewroteforthe of the Tides [see Art. (82)]; and he has published va- 
olualoi. lue of advanced students. He was an eminent and luable Tracts on Physical Astronomy for the nse of 
diligent Professor.and hiswhole life was one of almost students. 

unremitting study. " La vie o'at h travaiP' was his Sir John Lubbock's name deserves mention here (117.) 

reply, when ai^ed to consult hu health by reposing as having devoted his energies, about the same time BIr Joha 

from his labours : and he actually died in the dis- with Mr Airy, to intricate and laborious researches " 

charge of his duty as examinator of the Polytechnic connected with the least inviting parts of physical 

School, This occurred on the 25th April 1840, in astronomy, and striven to redeem England from the 

the fii^-sinth year of his age. reproach of indifference or incapacity in respect of 

such inquiries. The chief object of his numerous 

Mr Alrr'on ^^ AlET on tha perturbation by Veniu of thg memoirs (in the Philosophical Transactions for 1830, 

tka pertur- Earth't motion. — We here detach from what we shall and following years) is to express, in a more conve~ 

tetloD of elsewhere have to record of the eminent services ren- nient and exact manner than bad been in use, the 

j^^^**" derod to the cause of astronomy by the present As- complicated serieses indicative of the perturbations as 

" tronomer Royal of England, a notice of his chief dis- well in the Lunar as in the Planetary Theory, 

covery in physical astronomy, the more remarkablo 

&om being almost the only improvement in the theory Tht Xunar Theory : MM, Plaka and Hansen, — y^^ p|^ 

of the planetary motions, as applicable to the tables, M. Plana, an astronomer and analyst of the greatest ud Bui- 

which had proceeded from an English mathematician merit, who fortunately still does honour to the native Mn on Um 

tot averylong period. Sir James South called at- dty of LagraiigefTurin),thoughtheauthor of agreat,pJ^L 

tention, in 1826, to a small but well marked devia- number of Memoirs in the Transactions of the Turin 

tion of the Sun's place from that given by Delambre's Academy, on different points of Applied Matbema- 

Bolar theory (the Sun's place or the E^arth's are of tics, is, and will be, best known by his elaborate and 

course convertible terms). Mr Airy, &en Lucasian learned treatise on the Theory of the Moon. This 

professor at Cambridge, instituted, in 1627, a more extends to three very bulky quarto volnines, which 

extensive comparison with the Greenwich Obsorra- are, so to speak, one mass of symbols. Nothing can 
TOL. I. 6 u 
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pve a more impreasive idea of the condition at which tionofthe moon'a motioDS from theory alone (that is, !«"» 

Physical Aatronomj has now arrived, than a glance at nith only the fiindamenta] constants required to be Tl^** 

this monntun of intellectual labour, — especially given by observation), in compliance with a pro-TkaoTj 

as to the intricacy, inexpressible by words, of the gramme issued by the French Academy of Sciences aloiw. 

motions ofour own satellite. Herewehaveawork.not on the proposition of Laplace ; and that a French^""'" 

mnch smaller in appearance than the whole 3fi{cant9>ue geometer, M. Damoisean, on the same occasion, pro- "* 

Celeste, devoted to this one object. It is not stiper- duced an independent investigation with very elabo- 

fluous to add, that this is no diimerical undertaking rate aud valuable tables founded thereon. 
— ^no curious puzzle — ^no learned trifling; the Lunar M. Plana is tlie author of many other more ('^0 

Theory is the grand basis of the Art of Navigation, circumscribed researches on important points in phy* 

The real and main use to mankind of oar companion sical astronomy, in geodesy, and in mathemati<al 

planet is a discovery of these latter ages : her cheer- physics, 
ful and beneficial light, which alt appreciate, and all 

enjoy, may almost be termed a secondary boon, M. Hakseit, a German aatronomer and analyst (TS2.) 

Qnirt*' k ^ merit of M. Plana is not so much that of of great merit, has made the most recent considerable ^^■^'"•™- 

of tha Ibr- ^ original geometer, outstripping the theories of La- improvement in the theory of the moon. We will 

■Mr. place and Lagrange, as of a most intrepid and skilful first, however, allude to an inveation which is ap- 

calcnlator, who has contrived to place in complete plicable to the whole theory of perturbation, 
order the whole mathematical aud many of the arith- We have seen, in the first section of this chap- O^-) 

melical steps of the solution of one vast problem, ex- ter, that the effects of perturbation may be considered ''*^!^^ 

tending to some 2000 quarto p^es. The calcula- either as applicable directly to the three co-ordinates nrtwu- 

tions he has made unaided ! The details are ar- of the perturbed body, or to the variation of the ele- ttou, 

ranged in so lucid a manner, as to court enquiry ments of the orbit coosidered as instantaneously va- 

from those interested in verifying them ; and though rying ; that the former method has the advantage (^ 

the readers of so abstruse and indeed repulsive a being in most cases, and especially in first approxi- 

work must be few indeed, it has already proved mations, most direct ; the latter is moat applicable 

of essential service in the way which was intended to secular inequalities, and has a great recommenda- 

— the improvement of the lunar tables. The ap- tion in the exact physical conceptions on which it is 

proxfmations' by aeries are in all cases carried to founded. M. Hansen has proposed a third method, 

the fifth powers of small quantities, and, in some in- a refinement, in &ct, on that of Lagrange, in which, 

stances, to the seventh powera. Sir John Herschel by an assumption purely mathematical and arbitrary, 

has expressed in forcible and picturesque language he throws the emct of perturbation entirely on the 

the nature of what is wanting to the completeness element of time, so that with the time so altered, and 

of Laplace's investigation a and which M. Plana has invariable elliptic elements, the conditions of pertur- 

Bnjq)lied,asregards thetheoryof themoon'smotions: bation may be satisfied, and the true place of the 

— " In tike Mieanique Cilette, we admire the elegance body may result from the calculation. Such is the 

displayed in the alternate interlinking and develop- general nature of the conception, which, to be carried 

ment of formnlse, and exult in the power of the ana- ont, requires the introduction of subsidiary terms, 

lytical m^hods used ; but when we come to the which serve to correct the latitude and radius vector, 

statement of numerical results, we quail before the The advantages which are understood to follow from 

vast task of filling in those distant steps ; and while this highly artificial mode of proceeding are stated to 

cloud rolls after clond in majesty and darkness, we be(l.) that the serieses expressing the perturbation of 

feel onr dependence on the conclusions attained the co-ordinates are more convergent than in the 

to partake of superstitious trust, or of amicable other methods, and likewise the coefficients of the 

confidence, rather than of clear and demonstrative terms to be retained are more easily calculated; (2.) 

conviction."' The courage of M. Plana did not M. Hansen considers that his method enablee him 

"quail" before the serried ranksof symbolic legions, to ascertain with certainty those terms which, when 

He attacked them first, and finally became their com- fully calculated, will affect the result in a Beneible 

mander. But more than this ; on the same high manner. The inventor has applied his methods both 

authority, " his analysis is always graceful, bis com- to the Lunar and to the Planetary theory, 
binations well considered, and his conceptions of the We have said that physical astronomy is indebted (1S4.) 

ultimate results to be expected from them perfectly to M. Hansenfor anotableimprovementin the theory 7*° ""T^ 

just, and justified by the results when obtained." of the Moon, — the discovery, infoct.of two inequali- ^^JJ^jj^ 

I may here mention that M. Plana, in eonjnnc- ties of long period, the existence of which had been 

tion with M. Carlini of Milan, undertook the calcula- more than suspected from obeervatiou.but which were 

' AMln>ttiMM4eal Soeiety'i JfoMJUy IfotKtt, TOl. T., p. 37. The lut expr^sdoDI anj utODish 10106 p«raoii«, tiat Bi|Mrienced uik- 
Ijilc^ c4lcuUton tgrn In the Mine view. Mr Airj (probably Uia moat aompetent BaUiorit; in Britain) statu the tsine thing 

In muiy pungw of bia writingi, to tha effect that Uw «Tid«Dea for concluiODa w aUeiued ii ratber that of ««raj than of mo- 
(JUmuftoJ otrtaiDty. 
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not accounted for. In the infanc7oftlieljuii&r theory, We hare in tMs lection selected (though not hy (IHO 
Euler had predicted that it would always bo im- design) repreaeotatiTeB of the four great iDtellectusd <^™'i'*' 
possible, on account of the perturbing forces of the communities of Europe, engaged in the mighty task p^JJi^ 
planets, to predict the Moon's place within 30"; and Qf perfecting the theories of physical astronomy. Aitronomy 
it was a quantity of about this measure which re- Poisson for France, Airy for England, Plana for 
mained outstanding after all the resources of analysis Italy, Hansen &r Gennany. It would be easy, of 
seemed exhausted. M. Foisaon and Sir J. Lubbock course, to add the names of many others engaged in 
showed that the anomaly could not be due to the similar works, and scarcely less deserving of notice, 
flolar action, nor yet to the irregularity of the Earth's Some of these will find a place in other chapters, and 
figure. The planetary attractions, then, alone re- we hare yet one section of this chapter to devote to 
mained. M. Hansen discovered two independent in- the history of a discovery of rare interest, in which 
equalities due tq the action of Venus. One of these France and England have a joint share. We may in Earopa, 
is an indirect (or, as it is sometimes called, reflected) be allowed to mention the names of M. Damoiseau 
effect depending on the change of form of the Earth's and M. Pontecoulant in France ; the fonner known 
orbit by the attraction of Venus, which, of course, by his escellent lunar tables deduced from theory, 
modifies slightly the solar perturbation of the Moon's the latter for his calculations of cometary perturba- 
loDgitude. It is, in fiact, a secondary cousequence of tion, and his compendious treatise on physical as- 
long inequality of Venus and the Earth investigated tronon^, baaed on the Micanic[ve CiletUj in Italy, 
by Mr Airy [Art (116)], and has the same period, MM. Carlini and Santini. But in Germany these 
namely, about 240 years. Its greatest amount is studies have been perhaps most systematically pur- 
23*'2. The other inequality discovered by Hansen sued. MM. Gauss and Encke have only not been 
is of a still more curious and complicated kind, which included in this section because we find it more suit- 
goes on increasing for 2000 lunations, when it at- able to our plan to associate the name of the former 
tuns a maximum value of 27'''4 in longitude (al- with his theory of Terrestrial Magnetism, and the 
tJiough the perturbation of the radius vector does not latter with the recent history of Comets. Bessel 
exceed 10 feet), after which it diminishes for on equal likewise was a physical as well as first-rate prac- 
space of time. tical astronomer. I will here only add that these ■nd la 
(13S.) By these discoveries, the movements of our re- severe and arduous studies have at length been dmarlek. 
Hit otber fractojj, gatellite may be considered to be, after an e£kctually cultivated beyond the limits of Europe. 

nnpre«dented amount of labour, accounted for by Mr Bowditch (bom 1773, died 1638), a private Bowdltah, 

theory almost or quite within the limits of the pre- gentleman of the United States, undertook the 

sent accuracy of observation,^ M. Hansen has re- gigantic labour of translating and illustrating, with 

oently been engaged in perfecting the practical details a complete commentary in which every difSculty is 

of the lunar theory, in accordance with the extensive considered, and every step of analysis supplied, the 

reductions of the Greenwich observations which will Micanique CilesU of Laplaca Since his death, a 

be mentioned in the next chapter. He has also given younger race of American mathematicians has token 

the first complete theory of " Foucault's pendulum," upthegreatproblems of physical astronomy, amongst 

also to be mentioned hereafter. Altogether, he whom may be mentioned Mr Walker and Mr Peirce. 

stands amongst the most eminent analytical astrono- The latter gentleman has recently (1863) published 

mars of the present day. lunar tables, embracing the latest researches of theory. 

% 6. M. LetbbBibb — Mr AdaHS. — The inverse method of Perturhatio7i$. PredieHon of the place 
and orbit of Neptune from the motions of Uranus. 

The db- We have now to chronicle a discovery which, by particular and specific : " Look, on such a night, 

oorary of general consent, stands first in the achievemmte and in such a direction, and - there you will see (by 

j^ ' of science, not only in the period now luder review, the telescope) a star, small indeed, but with a distin- 

tiMcny by ^i^t even in the long and eventful series of years gnishable disk, — that is the planet which has made 

HH. L»- which have elapsed since Newton establiahed the Uranna move so unsteadily in its orbit ;" — so spoke 

*<^"'*°^ doctrine of nniveiaal gravitation. the mathematician ; and the zealous astronomer, to 

(128.) '^''^ discovery of which we speak was no leas whom the call was especially addressed, pointing hia 

lu clnom- than the proof of the existence of a planet beyond glass to the sky, discovered at once, that is, the same 

*t*'>°**- the recognised boundary of our system, merely as an evening,abodyansweringa2mo(t ^ecif«2y in position, 

inference from the perturbed motion of the outmost as well as in brilliancy, to the oracular announce- 

planet Uranus ; a proof, not general or abstract, but ment. 
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(129.) Since the publication of the Principia, or rather 1781, the planet which he called Georginm Sidus, ImgaUri' 
difflcidtv ^® should say since the great theory contained in (afterwards named Herschel, and finally, by general ^""."f *•>■ 
that work had fully attracted the sympathies of consent, Uranus,) it was easy, by a few observatjons, p^^ 
thoughtful and able men, nearly the whole science of to ascertain its approximate orbit and distance from 
physical astronomy consisted in the solution of one the sun. But the extreme slowness of its motion 
vast and intricate problem, which has been called the (it will not have completed a single reTolution before 
" Problem of the Three Bodies." To this were bent 1661) made it impossible to determine its elements 
the powers of Clairaut, Euler, Lagrange, Laplace, with precision-, until it had been discovered that the 
Plana, Hansen, and so many more. "Let three recordsof astronomy contfuned about twenty observa- 
bodies be placed and move in a given manner in ttona of this body before its planetary natore was 
space and attract one another by the Newtonian law, discovered ; being, in fact, registered places of fixed 
to determine the motions as affected by their mutual stars where no stars exist, concurring in brightness 
influence." The problem solved independently by and position with the circumstances of Uranus at 
the two analysts whose names stand at the head of those remoter periods ; the earliest of these obser- 
this section is this, " Given two bodies (the Sun and vations was one of Flamsteed, in 1690. The first 
Uranus) and their relative motion, to find at any person who constructed tables of the pluiet was De- 
moment the position of a third body whose attraction lambre ; but even at that early period, it was re- 
shall bo required to account for those motions." To marked, that the modem were not satisfectorily recon- 
have solved this new and far more difficult problem cilable vritb the ancient observations ; and, finally, 
(under- certun limitations) is a triumph altogether Delambre included of the latter only one, by Mayer, 
unlike in kind to any of the other brilliant successes which he did, he tells us, " out of pure respect," al- 
of which we have had to speak in the preceding though it certainly rendered the tables less exact and 
pages. less durable. The longer the planet was observed, 

(ISO.) ^e great intricacy of the problem is not perhaps and the greater the care that was expended in analys- 
at the first moment fully apparent. The pertur- ing and combining the observations, the more clearly 
bation of the known planet (Uranus) is not the it appeared that the tables had only an emptrtealcha- 
effect, either in direction or in amount, of the attrac- racter, satisfying observatdona for a few years before 
tion of the body sought, either at the instant, or at and after the time for which thay had been con- 
any previous instant. It is an accumulated effect structed ; and that, in particular, as the nineteenth 
arising from the totality of the mutual influences of century advanced, the deviations trom elliptic regu- 
the two planets during a long space of time, and larity became more and more intolerable, till the" an- 
under a variety of circumstances, which circnm- cient" observations were at length totally given up. 
stances it is the aim of the solution to discover. This was the state of matters in 1821, after M. 
But, more than this, we do not even know the quan- Bouvard of the Observatory of Paris, a most able cal- 
tity or direction of the perturbative action at any culator, had exhausted every resource in improving 
moment for which the cause is sought, for we do not the Tables of Uranus. A few years more gave that 
know the purely eZUptie elementt of Uranut. His patient astronomer the mortification of seeing hit 
motion has, by hypothesis, been always troubled by tables as obsolete as those of his predecessors, and nu- 
this exterior planet, and Uranus has been so short merous surmises were circulated as to possible expla- 
a time known and observed (only accurately since nations of the anomaly : a failure in tiie law of gra- H 
1781) that the motion has not yet been cleared of vi^, cometary perturbation, a resisting medium, *« 
ordinary inequalities (due to the action of the imseen and, finally, the presence of an unseen planet, were " 
body), which, therefore, are inextricably mixed up amongst these guesses. The last and most plausible 
with the elliptic elements. It is absolutely necessary, of these hypotheses occurred to many ; amongst 
therefore, to suppose not only the elements of the others, to Mr Hussey in England, M. Boovard in 
new planet to be unknown, bat also the elements of France, and later to M. Bessel in Germany.^ The 
Uranns to be severally affected by unknown errors, first of these astronomers actually consulted Mr Airy, 
This nearly doubles the unknown quantities to be in 1834, on the possibility of predicting the place of 
found. the perturbing planet from theory, and then disco- 
^031) We shall now glance at the history of these un- vering it by observation. Mrs Somerville, in 1836, 
'' explained perturbatiotis, and at the rise and growth of gave a precise expression to the same idea.' From 
the idea of their being explicable by the influence of this time the subject could not be lost sight of. The 
an unseen body. errors of the tables which in 1821 were insen- 

(131.) After Sir William Herschel had discovered, in sible, increased in 1830 to 16' or 20", and in 1845 

> Ctalnat, oearly ■ canturj befbn. In ealciUAtlng t)ie retom of Hilley'i <xini«l^ hinted at the posaiblo parturbkUoQ da> to k 
plaint luparior to Saturn. 
■ In her UMmMlivN »/lA« Fhyriecd Samta. • 
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Amounted to two minutet of longitude. M. Bonvard 
to his latest yean, perhaps his latest honrs,^ che- 
rished the hope of extricating this theory fiimn its 
difficulties. He also eag^ed his nephew M. Eugene 
Bouvard in the same career, who appears to haye 
fi>llowed it with mnch zeal and intelligence, and 
in 1845 constructed new tables of Uranus. But by 
this time two geometers had separately and inde- 
pendently undertaken the problem, with the deteiv 
mination of finding, if possible, a physical solution 
of all tbia perplexity. The earliest in point of date 
was Hr Adams, a young graduate of Cambridge ; the 
other was M. Leverrier of Paris, whose attention 
was directed to the subject by M. Arago. As the 
researches of M. Leverrier, though second in point of 
time, occasioned the actual recognition of the planet, 
and thus stamped the correctness of the solution with 
success, we shall consider them in the first instance. 
(133.) M. Leverrieh is, we believe, a native of St Lo 
II. I^Tsr- in Normandy, a province which has been singularly 
2^ Jj^T productive of eminent men (Laplace and Fresnel 
^^ ' were of the nnmber). With no advantages, but the 
reverse, he won a high position at entering the 
polytechnic school, which he constantly maintained. 
He at first, we believe, attached himself to chemis- 
try, but his taste for physical astronomy was soon 
dereloped, and was advanced entirely by his private 
efforts. It is a peculiarity of the mode of culti- 
' Tating the sciences in Paris, that such abstruse 

and difHcnlt studies are not merely engaged in tem- 
porarily for purposes of academial distinction, but that 
they actually become a " carriSre" or calling, and are 
pursued in that methodical manner for which the 
French are distinguished. In 1846, when be com- 
menced the careful examination of the theory of 
Uranus, M. Leverrier was already favourably known 
by his researches on comets, and on the orbit of 
Mercury, but especially by immense calculations, con- 
nected with the secular inequalities of the planets, by 
which his ability and hardihood in computation had 
been thoroughly exercised. He began his new en- 
quiry with the method and intrepidity of calculation 
which distinguish him. He revised with the most 
minute care the observatione of Uranus, and 
computed a&esh every sensible pertnrbation which 
theory recognised as arising from known planets. 
This done, and having compared the most probable 
orbit with observations which he collected from 
andientic sources, and especially from the Greenwich 
observationB which were communicated to him for 
this purpose, the result was, that even confining 
himself to obaervations since 1781, arranged in 
eleven convenient groups (each resulting from many 
observed places), and attributing to each group the 



largest error which could be in reason allowed, 
and even admitting that all these errors were in the 
direction most favonrahle to the assumption, it was 
still impossible to account for more tbsii one-fourth 
part of the observed discordances. 

M. Leverrier then assumed that a perturbing (ISi.) 
planet existed beyond the orbit of Uranus, and at 
nearly double its distance from the sun, in conformity 
with the empirical law, (usually attributed to Bode 
the Gterman astronomer,) which expresses with gene- 
ral accuracy, thus far, the arrangement of the planetary 
system. The law is, that the distances of the planetary 
orbits from Mercuiy are successively doubled. This 
assumption — (it was absolutely necessary to assume 
some distance to begin with) — was ingeniously con- 
finned by other considerations. 

Leaving the perturbations tn latitude out of Be- (ISS.) 
count, he now considered each error of Uranns in 5°)!!^"* 
longitude as the expression of a perturbation due 
to the action of the nnknown planet, and capable 
therefore of algebraic expression in terms of the ele- 
ments of that planet, namely its excentridty, longi- 
tude of perihelion, epoch in its orbit, and mass ; but, 
as we have already remarked, the first three of these 
elements must be considered as incorrectly assumed 
for Uranus itself, as well as the mean distance of that 
planet, and, therefore, there are four unknown correcy 
tions for its elliptic elements, making in all eight quan- 
tities to he eliminated from the discordances of theory 
and observation. So complex an elimination cannot 
be directly effected ; and even if it could, the result 
could not be depended on, as the possible error of 
each observation involves a fresh and important 
source of doubt in the conclusion. M. Leverrier 
proceeded, by a series of gradually restricted assump- 
tions, to find within what limits the more important 
elements might be made to vary without producing 
dfects incompatible with observation, and his atten- 
tion was at first confined to the approximate mean 
longitude of the planet. He obtained a result after Thalrr^ 
a prodigious amount of tentative calculation. The "^ 
excentricity and position of the perihelion were then 
inferred. On the 1st June 1846 he announced to 
the Academy of Sciences that the tme longitude of 
the expected planet for 1st January 1847 was 326°, 
with a probable error of 10°, This result was im- 
mediately published in the Compta Iteitdut. 

Between the Ist June and 31st August 1846, (130. 
when his third memoir on the perturbations of M. Levtr- 
Uronus appeared, M. Leverrier busiedhimself in ob- ''"■"'"' 
taining a farther approximation to the elements and a 
place of the suspected planet. He now assumed the 
correction of the mean distance am<mgst the other 
quantiliefl to be sought By a fresh calculation he 



> H. BaoTud wu barn tn 1767. He parfornisd almoat all of the nninerieU n 
work, kod WM UMciatad with tbit smiseiit nun by tha moit fHsndlT tua. He " 
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deduced a complete list of elementa aa regards langi- was anticipated and completed in France and Ger- 
tude; and dimiiuBhed the mean diatance considerably, many alone; England bad nodirectparticipation. We 
The tme longitude by thie calculation differed only must now, however, itate briefly what occurred there of 
1^° from bia previous eatimation. He finds for the a similar character at the tame time, and even earlier, 
mean distance from the Sun 36 times that of our Mr Joiiir Couch Aduis, when a student at St (139.) 
Earth (that of Uranus being 19), the period 217 John's College, Cambridge, in 1841, formed the de- 
years, fuid the mass tr^e °^ ^^^ Sun's. Assuming sign of detecting the position of a perturlung frfanet 
the density of the planet to be the same as that of which should account for the anomalous motions of 
Uranus, be ocmjectures that the appvent diameter Uranua. He made a preliminary essay on the pro- 
villbe 3''3; that it will therefore have a visible disk blem in 1843, assuming the distance of the suspect«d 
soiBcirait to distinguish it &om a fixed star, and that body from the Sun to be double that of Uranus, 
its Inilliancy should equal that of a star of the 8th I learn from good authority that he obtiuned a place 
or 9tb magnitude. As the result of these supposi- for the unseen planet not very different from that 
tions, he found that the whole errora in the places which he finally adopted. Early in 1844 he oh- 
(^Uranusfrom 1781 to 1844 were reconciled within tained from Greenwich the valuable series of placet 
quantities amounting but in one instance to 5° ; that of Uranns which were afterwards in like manner ap- 
U>B andeat observations of the 18th century were plied for by M. Leverrier. In September 1845, he 
reconciled within 7" or 8°; and the oldest observa- communicated to FrofessorjChallistbeelemetits of the 
tion of all, that of Flamsteed in 1690, had an out- new planet's orbit (neglecting the inclination) and an 
•tasding error of 20*, a quantity very far from ezces- ephemeris of its geocentric place ; and in October he 
live, consideringthe state of astronomy at that period, transmittedtheelements also to the Astronomer Royal. Ht Ainaa 
(137.) No one who read at the time the abstract of this This, it will be observed, was aoon after M. Leverrier's PT^*^ 
rMolUng in i.emarkahle paper in the Compteg Rendvt failed to attention was first directed to tbe subject, and nine ^j^ j^ ^ 
van of ^ strui^ with it, not only as r^arded the weighty months previooB to his announcement of the locality ■[■nikr in- 
ITaptaiisbv matter, thus publicly announced, but also on account where the new body should be sought. Mr Adams vHt!g«- 
M. QaU*. of t^ calm and weU-grounded convicdou which the afterwards zepeated his calculation with a mean dis- "^ > 
author manifested in the trutik of his bold conclusions, tance ^,th less than before, and considered himself 
and the definite manner in which he gives the chal- warranted, by the imjouvement thus produced on the 
lenge to practical astronomers to verify or disprove residual errors, in inferring that a farther consider- 
them. " Since Copernicus declaf ed" (according to the able diminution of the mean distance would satisfy 
prevalent tradition) " that when meoDB should be dis- theobservations still better. This was communicated 
covered for improvingtbe vision, it would be found that to Mr Airy on the 2d September 1846 ; Rubsequently 
Tenns had phases like the moon, nothing," writes Mr therefore to the publication of M. Leverrier'a £le- 
Airy, "so hold,aBdsojnsdGablybold, has bees uttered ments. Mr Adams, in communicating his results (at 
in asteonomicol prediction." M. Leverrier had hastened a later time] totbe AetronomicalSodety, withcbaroo- 
his calculations in anticipation of the approaching teristic modesty says, " I mention these dates merely 
opposition of the new planet in the autumn of 1846, tosbow that my results were arrived at independently, 
but it is very doubtful whether astronomers would and previously to the publication of M. Leverrier, 
have made the discovery at that time, but for his per- and not with the intention of interfering with his just 
■onal application to M. Galle, then assistant-astro- claims to the honors of the discovery, for there is do 
Bomer at Berlin, where a powerful lerfractor suitable doubt that bis researches were first published to the 
tta the search eousted. So ardent a conviction in a world and led to the actual discovery of the planet by 
manner compelled the proof which the geometer Sr Galle." 

claimed, and M. Galle, whose intelligence and zeal And such is no doubt the &ct. The priority of Mr ^i""^, 

are well known, pointed hie telescope to the sky the Adams in the mathematical investigation is as certain ^^ wt^aot 

Tory evening that M. Leverrier's letter reached him. as that the researches of M. Leverrier alone produced diacovered 

Fortunately provided with a newly published star the discovery of Neptune. Even the sewcb for the in con»B- 

nap by Bmiicker Df thatr^on of the heavens, which planet whifji took place in August and September 9'""'** 

was not at that time diffused generally amongst 1846 at Cambridge by FrofeasorChallis, was not oc- 

European observatories, be detected that same night casioned by Mr Adams' researches only ; it was the 

(the 23d September 1846) a star-like body of the 8th near coincidence of the longitude assigned by Mr 

magnitude, not noted in the star chart, therefore a Adams in the previous October with that pubtished 

wandering body, having a manifest disk from 2^' to by M. Leverrier in June 1846 which induced Mr 

3* in diameter, and distant only fift^-fona mtnutM of Airy to suggest this investigation of the heavens, 

a degree from the predicted place. and to offer (if need were) himself to bear the ez- 

(1K-) It will be remarked that the discovery in question pense. Had the planet been discovered^ at Cambridge 

* The planat wu inde«d iMn &t Cambridge by Mr Cttallli, for it wai recorded more than once amoogat the DUmeroiu fixed 
■tkn whoaa placaa were taken down in the progreM of the aearcfa; bntu the compariiona of the "aveepa" were not raade al 
the time, the diacovery waa anticipated bj U. Galle. 
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before it was at Berlin, M. Leverrier must xtiU have 
had a share in the credit of success. 
(141.) It is perhaps to be regretted that Mr Adama had 

Bamwki not given his whole investigation to the world, or 
oD thfl bi>- ^j. igjjgt published his results, so as to avouch the 
coufideuce which he felt in his own prediction, and 
to throw upon practical astronomers generally the re- 
sponsibility of its verification. Had he done so in 
1845, it is po»sible that the planet might have been 
discovered at the opposition of that jear ; but it is at 
least certain that M. Iievenier's claims to priority' 
as r^ards the discovery of Neptune would have 
been effectually anticipated. But it is only just to our 
countryman to recollect the difference of tus age and 
position. M. Leverrier was at the time about 35 
years of age, and was a candidate for the sub- 
stantial benefits as well as for the honour of a mem- 
bership of the Academy of Sciences. Mr Adams 
must have been nine or ten years younger at the 
period of this discovery, a drcumstance which en- 
hances our admiraion at the achievement, whilst it 
gives an additional grace to the modest conduct of 
the author. 
(1*2.) I have endeavoured to state correctly (with due re- 

gard to the limits of this essay) the main facts of the 
most curious case of double discovery which, perhaps, 
the history of science presents ; and happily as to the 
beta, down to the minutest detail, no discrepancy of 
opinion ever existed. DiSerent minds will, with per- 
> feet truth, attach more or less distinction to the two 

illustrious rivals, — neither of whom has for an in- 



Mean Longitude, 
Mean Diitauce, 

Long. Perihelion, 

Excentricity, 
Mass, . 

The differences of theory and observadon are so 
striking as to have occasioned surprise to many per- 
sons that, with data so erroneous, the perturbations 
of Uranus or the longitude of Meptune at the epoch 
rf discovery should have been obtained even approxi- 
mately. 

The fact, however, is this : — that the mutual per- 
;.turbationa of Uranus and Neptune are sensible for 
' only a small piortion of the joint orbits when the 
planets are nearly in conjunction. The conjunction 
(when the mutual distance is least and the attraction 
strongest) took place in 1822. Now the places of 
Uranus from 1690 (the first observation) until 1800 
can be sufficiently well represented by elliptic ele- 
ments. The per^bation of Keptnne became sen- 
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stant lowered the dignity of his position by one 
ungenerous expression, — but that the absolute merit 
of both is of the very highest character is on all 
hands admitted. " The names of M. Leverrier and 
Mr Adams," said Sir John Herschel, addressing the 
Astronomical Society, " which Genius and Destiny 
have joined, I shall by no means put asuudra- ; nor 
will they ever be pronounced apart so long aa lan- 
guage shall celebrate the triumphs of Science in her 
sublimeat walks." 

But before closing, I must briefly state how fiir ™?*?2». 
the orbit of the planet Neptune, when discovered, y^tf,^ ^ 
realized the previsions of theory. A fortunate cir- Kvptona h 
cumstonce rendered it easy to obtain at an early K&xBditar. 
period a correct knowledge of the elements. It seems 
that the planet Neptune was observed by Lalsnde at 
Paris on the 8th and 10th May 1796, and entered 
as a fixed star, notwithtttrndinff a diitinet change of 
place betuieat the obtervationt, actually corresponding 
to what the planet should have had.^ But such an 
oversight had been made by Lemonnier in the case 
of Uranus. By means of this observation of fifty 
years back, the orbit was easily computed. It is a 
HDgular and startling fact, that, except aa regards the 
longitude on the orbit, the other elements computed 
from observation were somewhat widely difierent 
Irom those assigned byM. Leverrier and Mr Adams. 
We shall present them in a. tabular view. The value 
of the mass in the last column is calculated from the 
elongation and period of a satellite of N^tune dis- 
covered by Mr Lassell. 

Obttr nation — Walter. 
1st Jsn. 1847. 
328° S3' 
30-04 
164-6 
iri2f 
0-00S72 

!»*« " 

sihle therefore only twenty years before conjunction. 
In this timeNeptune describes (really) only ^ of a cir- 
cumference, or 46°, and r^atively to the motion of 
Uranus about the same. It is evident then that 
even a considerable error in the period of Neptune 
would scarcely sensibly afiect the law &f perturba- 
tion during twenty years, and that the approzmiate 
determination of the place of the perturbing planet 
about the time of conjunction mil not be much 
alfected by the error of that assumption. Agam, 
as to the eiTor of mean distance, we may observe, 
that since the mutual actjon of the planets is 
confined within such (comparatively) narrow limits 
of space and time, though we might anticipate a toler- 
able approximation to the interval between the bodies 



* Od* of the obwTTailonl w«g svppTcWtd In tba publication, and only dlacorcred on (earcbing LaJandi'* KB. 
■ Tbl* WM tfafl hjpotheiii Dpon which Hr Adami made hii (econd or corrected calculation of slementi. NeTertbelMi, b* 
loftrred ftvm tbat calculaUon that the mean dlitance might with much probability be reduced to 33'4. 
* Fierae. Struve'a man li uln. 
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at that time, it woaM be unreasonable to expect a 
correct detenninadou of theformandellipticit; of the 
orbit of XeptuQeiSUch as might belooked for if the per- 
turbations wereaensible through the entire orbits; and 
in fact, by varying the position of the perihelion and 
ihe amount of excentricity, we may, for an airwiied 
mean distance, obtain any value whatever for the in- 
terval of the two planets at a particular time. We 
have seen the origin of the false assumption of mean 
distance on the part both of M. Leverrier and Mr 
Adams, and we fiod that the mathematical solution 
corrects to a great extent the error of that assump- 
tion by giving a correspondingly incorrect position of 
the perihelion, and also an exaggerated measure of 
the excentricity, by which two circumstances the 
planets of both mathematicians would have had, near 
the time of conjunction, a distance from the sun of 
only 32 or 33 radii of the earth's orbit, the true dis- 
tance being about ^ part less. This still remaining 
error was palliated, and evidently might for a time 
have been completely masked, by osauming a mass of 
Neptune proportionally too great, as indeed the table 
we have given shows was the case. 
Cl«-) That the discovery of Neptune took place at the 

^^^ time when it did was no acddent. The conjunction 
varv to(A ^f Uranus and Neptune, when alone the perturbation 
pUca wtwuof the elliptic elements is perceptible, is a rare phe- 
It did. nomenon, occurring but once in about 172 years. 
The last conjunction previous to 1822 was in 1649 : 
we have seen that the attention of astronomers was 
importunately called to the subject by the irregu- 
larities in the motions of Uranus at the first con- 
junction succeeding its discovery. 
(Ur.) We are indebtol to Professor Feirce and Mr 



Walker of the United States for many useful inves- Prindpd 
ligations connected with the orbits of Uranus and '""V""'/ 
Neptune ; but it is to be wished that tbe theory were ° ^ HmV 
completely re-examined, and also the problem of the taii*. 
inverse method of perturbations which has now be- 
come a systematic portion of physical astronomy. 
The near commensurability of the two periods pre- 
sents a peculiar case of perturbation similar to the 
loDg inequality of Jupiter and Saturn ; but aa it> 
period is no less than 4047 years,' although the 
coefficient of the inequality is considerable, it will 
not perceptibly alter the motions of either plaoet 
except in a long course of years. 

It will not be supposed that either M. Leverrier or (148.) 
Mr Adams could, after such a memorable triumph, Othar 
abandon tbe pursuits of physical astronomy. The JJ^ Jj 
first has continued his researches on the orbits of ud L«vw- 
comets and on the perturbations of the solar system ; riar. 
and having been recently appointed to succeed M. 
Arago in the direction of the Paris Observatory, we 
cannot doubt that be will infuse new life into its 
management. Mr Adams has made the discovery of 
some important oversights in the details of the lunar 
theory. One of these, with reference to Laplace's 
Theory of the Secular Acceleration of the Moon's 
mean Motion, has been referred to in a note to Art. 
(62). Tbough Mr Adams occupies no public post, and 
though he has declined the honours of a title, his con- 
tinued residence at Cambridge must influence very 
beneficially the studies of tbe place, where some of 
his many friends have founded in memory of his 
achievements a perpetual prize for the advancement 
of physical Mtronomy, which is denominated the 
Adams Prize.* 



CHAPTER III. 

ASTRONOMY. 



% 1 MabkeltHE — Delambre. — Progress of Praeticat Aatronomp from 1770 till 1810 — Of ihe 
Lunar Thtory deduced from Ohaervation — The Density and Figure of the Globe. Cavendish ; 
Baily. Trigonomeirical Surveys. 

(110.) Asexamplesofthoseaatronomers who most contri- whether of the motions of the heavenly bodies or of 
prutical buted in the period of which we now principally speak the figure and density of our own planet, I have se- 
^[^^"'{1770-1810) to the prcf^resa of exact observation, lected Maskelyne and Delambre. Their characters 

* AcDording to th« oalcalBtloiu of M. FelnoD {Camb. TVaiu, vol. ii.). 

■ It hu bMD our boilDMi to condenM tb* biitorj of tha dlicoiery of Neptona wltblo ■ compui proporUoned to tba ganaral 
(chame of thi* DlHarUtion. Ths reader who detlru firtber detail) will coniult H. LeTerriar'i Memoir on tha Pertnrbatiou of 
tba Uenchel pluiat (Onnui) in tba Cotmaiuanct da ITV-pt for IMS (tlto pabllihed Mparotal;), ud in the ConpUi Satdtu for 
1846 ; Hi 'Ad»me' papen in tbe ffautleal Almatuui for 1861, and tbe AitnmoaHeal Socittg'i MetuAn, toL ivi. ; Hr Airj'* aingulaily 
curious and impartial Hiatorical AccouDt !□ tba 7tb(ol,of ths AMnnviiiatat SocUts'i ifonthts Ifotica i M. tdh Liadenau'iUlitory 
Id Schumachar'a SaiKrithlat (Erg»ninngiheft) (faTourable to M. Leverrier) ; Qrant'i BUtorf tfPliyiieat Atinw»*ji (advocatlDg 
principally the dsinu of Ur Adami). BIr J. Uancbel's Oullitxa ef AMtroHomj/ conMa a tbtj Taloabla deMription of tb* Kiantiflo 
part of tha qnaation. 
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vere botli distin^iahed by modesty, simplicity, and of the foreign astroaomical observations ; lalmiirs 

loTQ of truth. Of all their contemporaries of emi- the most irksome and conscientions lie buried in 

nence, fevr escaped ao happily Irom the unprofitable piles of MS. useless to science, and which therefore 

strife of riYalry and personal disputes, and noue ex- might almost as well have never been made. This 

hihited a more impartial desire for the advancement is particularly the case with the Parisian observa- 

of the science to which they were devotedly attached, tioos (as the impartial Delambre records with pain), 

Perhaps neither waa a man of lofty talent, yet they commenced even before the time of Flamsteed ; bnt 

did not fail to secure deserved respect in their own which, owing to this cause principally, have remiuned 

daf, and far more gratitude from the posterity whom even to the present day (and it ia/orty yeara since 

they essentially benefited than falls commonly to Delambre wrote his patriotic protest) without ooa- 

the share of men of higher pretensions in this re- tributing materially to advance astronomy. Let it 

apect. Both their names are important links in the then be recorded to the honour of Maakelyne, that 

history of astronomy. this important step of r^;ular and full publication 

(isa) Nbvil Maskkltits, bom in 1732, and educated at at the public expense was entirely due to him. His 

V**^?"'! Cambridge, was early attached to astronomical pur- places of the aun, moon, and planets, were the founda- 

snita. After various minor services connected chiefly tion of the improved theories of physical astronomy, 

with navigation and the discovery of the longitade, he then more ably cultivated on the Continent than in 

attained the honourable post of Astronomer Koyal, Britain, and of the tables also chiefly furaiahed by 

which he filled from 1765 till 18 11 with distinguished German and French computers. 

attccess. HiBimmediatepredeceBSorwasDrBIis8,who Msskelyne's more important contribntionE to (ISl.) 

held the office for but three years and without die- science may be briefly stated under these two heads ; 

tinction. Practically, Maskelyne may be said to have — The determination of the Lunar orbit from observa- 

sncceeded Bradley, probably the greatest astronomer tion, and its application to navigation ; and the d»- 

whom England has yet seen, whose discoveries have termination of the local attraction of Schehallkn and 

been recorded in the laat Dissertation, and whose of the density of the earth. 

obeerTations,throughavarietyofcircnmstanccs,were I. The determination of the Lunar Orbit from Ob- (152.) 

destined rather for the benefit of the nineteenth cen- tervation and itt applteotum to Navigation. — Though ^"'^i?^ 

tury than for his own. Maskelyne wisely recollected astronomy owes (as we have already eaid) much to 

that the observatory was mainly founded for the Maskelyne in the exact determination of the places 

improvement of navigation,' and one of his earliest of the sun, planets, and the moat conapicuoua fixed 

labours was the eBtablishment in 1767 of the "Nan- stars, the comparison of the Lunar place with the 

tical Almanac," a work based on the best astronomi- tables was by far the moat arduous and the moat im- 

cal observations and of the highest service to seamen, portant of his undertakings. It was the most ardn- 

<■ During Maskelyne's long tenure of office he was ous, because, from the extreme complezitj of the 

entirely devoted to its dntjea, making himaelf al! the moon's motions, every part of its orbit must be nar- 

most delicate observations, particularly those of the rowly watched, requiring the astronomer's presence 

moon, and rarely quitting the observatory except to at his instruments at all possible honrs during the 

attend the meetings of the Royal Society. The per- conrae of a lunation, these motions being subject to 

feet method and conldnnlty of hia obeervationa give important changes which recur every nineteen years, 

to them a great value, especially for the correction besides others of yet far longer duration. It waa 

of the Lunar Tables, in which respect they are indeed Maskelyne's good fortune, and at the aame time the 

without a parallel. But the regularity of their reward of his perseverance, to watch three revoln- 

pnblication was not their least merit. Four large tious of the lunar nodes. He did not content him- 

fblio volumes include the patient labours of a life self, however, with making observatious ; he contri- 

(for he had bnt one asaiatant). Delambre in hia buted in every poasible way to the improvement of 

character of Maskelyne says, that if through some the tables of the moon's motion. He was in con- 

cataatrophe the whole materials of science should be stant communication with Mayer, one of the ablest 

lost, except these volumes, they would suffice to re- astronomers of his day, and he directed the calcula- 

conatmct entirely the edifice of modem aatronomy."* tion of Bradley'a observations by Mason, for the &r- 

u'°wp. ^^ ^^^ '^ Maskelyne's accession, the only methodi- ther improvement of Mayer's Tables. Maskelyne's 

vatioDi at **' publication which had issued from Greenwich own observations, to the number of at least 6000, 

aiMQirieb. Observatory was the " Historia Gelestia" of Flam- were uaed by Btirg in hia excellent tables of the moon 

steed ; Halley's, Bradley's, and Bliaa'a obaervations which have even yet been hardly surpassed ; but 

remained in manuacript. A like fat« attended most their full value has only been teated recently by the 

I In tbe wmmnt app^nting Flamctead to ba tha Ro^kI " Ailnmamieal ObMrrstor," hlldatjia dscUred to b« " to reotify tha 
tabl«a of tbfl motloQi of the hearena and the flied Btara, lo a* to find out th« lo mneh deaired longitude at tea, for perfeetlng tha 
art of navigation." 

■ FWd an arUele oa Graanwich Obnrvatory in tha Edmlmrsk Smine, wriRau b; the anthor of tbia DiiHrlaUon. 

TOt. I. 5 K . 
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^■tematio rednotion of all the Isoar obtemtitHiB of dief geodetical optmtionB, indnding the meMore- 

Moskelyne and Pond, aad a oonpariaco with Damoi- went of two baBO bnes, was efiected between the 30th 

Beau's tables, under the dinctioa of the prewnt As- June and the 24th Ootobw, notwithstanding the 

tronomer Ro^al, Mr Airy. kisdraaoee of a mott ooiavourable season. 
(1S3.) But, for the application of the metibod (^' lunar The distance between the two statione obtained with (ISS.) 

^V^|5j?J" distancefl to saTigalion, farther aid than the eon- Ramsden'a S-inch tbeodobte, was 4364-4 feet, which **"^*\ 

„^, structioii of good tables was Tequirad. This Haake- in the latitude of Sdiehallien corresponds to 42''94 ^[rndoni 

lyne provided by obtaining the regular pabllcation of latitude. The obserred differenoe of latitude by ^t adwiial- 

oF the Nautiod Almanat^ Buperiatended by hsnaelf, 337 obaerr^ions with Sisson's 10-ftet zenith sector ^^"^ 

and coatwniBg the distanoea of the moon from the was IM;''6.* I%e exeesB, or Il''6, is the double at- 

piincipal fixed stars at predetermined hours fi» &t tnction of the kilt drawing the plumb-line towards 

meriduui of tireenwioh, a comparison of which with Hself at the two stations. The sine of this angle, or 

the distance observed by means <^ the sextant in any yy}{[j, represents the oetuoi rado between the double 

part of the world enabled the seaman (after proper attraetioD of the hill and the attraction of the euth. 

reduotians) to infer the exact Greemuieh time of the But by the eOBpiitBti<m of the attraction whieh the 

obserratioa, and tlience, by c<nnparisonwith the tooal lull ought to exert, from ita figure, as determined by 

time obtained by the usual methods, to obtain hie Maskelyne'sganges, were its density the same as that 

longitude. To this, ttmg admitted to be the best of the globe g^terally, tlus ratio should amomit to 

practical solution of die c^lwated inoblem of " the j^j, which can only be aoconated for by assuming 

lon^tnde at aea," Maskelyne contributed probably ihe earth to be denser on the avera^ than the hill 

more than any o^tt perscm. His " Lunar Dutancea" of Scbehallieu in the proportiou of 17804 to 9939. 

wa« reprinted in tiie French Almanac tConmainamoe niia dednctitm was made by Dr Hntton by means of 

dti Temt) tor m oongidNaUe number td yeaie. a troablesome calcalatioo ^ the summation of &a 

(1S4.) II, Tht dgttrmmatioii of tA* ^ttrtufion of iSeW attractive (Elects of a number of vertical i»isms into 

^^^^ AaZfi«n, and of the BartKi i>mMty.— He deviation which the hill was imagined to be divided . The arti- 

i,ig^ of the plumb-line from the vertical by tike neij^bour- £cea of calculation were, however, due to Cavendish 

hood of a monntaiti had been pnnted out by Newton^ (who it will be recollected was on the '* Committee of 

as a direct consequetice, andalBO as a test, of the Attnutions,") as Mr Airy ascertained Irom his maon- 

prindiple that gravity residea in every part of the scripts. A careful lithological survey of the hill KartkV 

earth as well as in t^e earth as a whole. Bonguer eoaUed Professor Playfim- to deduce the probable ^^^ '*' 

had the merit of pointing out the form in which the mean specific gravity of the globe to be between 4*66 

experiment might be made, and of making the taial, a»d 4'67t which was somewhat greater than Dr 

though in a rude and insuffiaent manner, ia th^ Hutton assumed it. 

Peruvian Andes in 173&. He observed the effect of This is die proper place to mention an experiment (isfi.) 
the mountain on the south side only, but at two Bt»- on the density irf the Eartii perhaps still more re- KIcImH 
tions unequally distant from its caitre of atkaction. narkaUe, devised by the Rev. Mr Michell, who con- SJ^i,^^ 
The numerical result bung (as the author himB^ structed th& apparatus, but first put in practice by rimant tor 
admitted) without value, Maskelyna proposed to the Mr Cavendish in 1797-8. It consisted in measuring Hw wm 
Bt^al Society in 1772 to repeat the observation on the force of gravitation between two spheres of such ""^ 
some British mountain. A " Committee of Attract small size thiat they could be moved by the hand 
tion" was named, which, besides Maskdyae, isoluded Bearer to or ^rther from one another, lie essen- 
Cavendish, Franklin, and Horal^, CaveDdish, as lial part of the invention was to contrive a balance 
might have been expected, took an earnest part in it so delicate as to measure the almost inappreciable 
The search for a suitable hill was confided to Mr tendoit^ of such smalt bodies to unite. Newton had 
Charles MsBon in 1773. Skiddaw and the York- shown that the attraction at the surfece of any sphere 
shire Hills were first thought of, b»t finally Scke- is direetiy as its radius, which he observed must 
hallietl in Perthshire was preferred.' Thither Mas- always be incomparably smaller than tbeir tendency 
kelyne himself proceeded in 1774, with his assistaat towude the earth, that is, their weight. In the 
Burrows, and by these two, with the ud of a local largest and heaviest masses with which it has hither- 
laud- surveyor, the labour of the astrtmomical and to been found [s-acticable to operate, this tendency 

I Da Hnudl 8;«t«aiit«, S 22. Bevloii, In a vwj MmackaUa piMua of tba TUnl B»ok at tba Principi^ (Pnf^ X.),, om* 
JM:turet that " tb« qiuntlt; of nuttar !□ tha «rth rnvj b* flvq or Ai tima gruMr than If the vbda v«n compoaad ot wajter." 

■ A laughable miitake of Z«ch to hi* account of the Schehalllen expariment (In hi* AUraetiim dtt Montagntt) ii connnanted 
on by Flkjfoir in tha Edinburgh Ravlen. In ■ note to the word Sclutiallien, Zach layi, " Hontagna appalta duu la paja en 
Ungue ErM Uatdtti papi V^ vBut dire oragt pirpautL" It la uaedlaai to add that th«a two all^^ ijnUHirau an diSennt in- 
tsrpralationa given h j QaaUo icholara of tha word. " Pram tUi inaMuracj," addi hia raTiewer, " bla raaidenee In London 
ought to have deUvarad him, for Uioagh ha ooold not laam then what waa Atm, ha might have Isamad what waa EnglUb." 

■ ZaehabtaiDedtbetama reault aiactW '^- '- '"" ■• -i- -■- " — - -->.--.--.--. ^-i ,_,___,._ .i... ,......_, 

only thoaa itara oa which he moat dapeDda 
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•mimBti to only ft voy minute fraction (rf ft gmn. thia last result bMngwortliy oFmseh oonfideoee ftotn 

How oonld BDohqaantitieB ba aecMratofyectiiaated, so tlie ezbwirdinary evn tatea to avoid erton and to 

aa not only to leave no doubt of the jAeuomenon of obtain independent valaea of the quuititieB Boagtit.^ 
gravity thsa acting^ on tbe small loale, but to dednce 

itoamoant, andhoiceto weigh the global Maekelyae continned his seal for the {m>motion of (is9.) 

<1S7.) Iilitehellim^^edfertluaparpaMfAvbcitaNeeo/tar- aitroaomy to the last. He superintended die pnbli- ^"^^ 

f^l^^^^*°»tow,whichwMre-iBventedby(>mlomb(wfao probably cation of 45 annual volumes trf the NauHctU Abna- p^'„^y 

fir8texecatedit)forthfipniposeofinea8Hrii^ electrical na«. He leiFt the whole of the observatory wor&: in atOrMn- 

foTcea. Mitchell'* apparatns came fint into the hands perfbct order, and the greater put printed^ He had «leb. 

oFW(41aaton,then(^GaTendisli,who made the ezperi- the well-earned satiefbblion of finding his observa* 

meat. He used a very light rod of deal, six feet losg, tions in request in every eiviliaed coonby, the bases 

suspended by a fine eUver or cnpper wire, forty inchea of the most tasdid tables, aad the tests of tlie most 

long, within a wooden ease to ddend it from currents advimoed decries. He cultivated the friendly cor- 

of air. At each «id of the lever was hung a ball of Feepondenoe of aatrononers in every country. Not 

lead, two inehes in diameter, and by a simple oon* givsa to change, be pi^eerved the instruments and 

trivamce a pair of leaden spheres, wei^iing, togetheri bhief methods of tbe immortal Bradley ; but suffi* 

348 pounds, could be brought eiiuHltaneouBly into dently alive to the neeeseity of pTogrees in the 

the neighbourhoodof the balls {but outsida the case), adences, he introduced many simple bat practice im- 

OB opposite sides, so that tbeir attractions might oon- proventents in the art of observation. Even in his 

tar to swing the suspended lever out of the position last years, satisfied that the celebrated quadrant of 

of repose which it bad previously takeb up, under Bfid was no longer the beat instrument for its pur- 

Ihe action of the slight twisting foroe of the silver pose, and was besides sensibly deteriorated by use, 

wire. A new position x^ rest was thus eStabluhed, he ad<^>ted the circle instead (then reeentiy (H>me into 

the small balls being pulled as macb one way by the nodee, though first used more than a century before 

attraction of the spberea as they were tirged ia the by RSmer), and directed the oonstroction of that by 

opposite direction by the torsicm of the wire. The iSronghton, though it was not placed at Greenwich 

position of repose being observed from a dist^ce by until affcer his death, wfaicb occurred in 1811, in the 

ft telesoc^ (to avoid disturbance from the heat oif 79tb year of his age. His biographer Delambre 

the observer's body), the great spheres were then ntentionB, that a eonsiderable number of his posihu- 

ehanged in position so as to act upon the opposite mons memoirs were put into the hands of Profi»sor 

sides of the small balls, from what they formerly did. Visce for puUication. They have not, howevsr, ap- 

The deflectioD and new stable position wonld be as pearCd. 

much on the other side of the z«ro, and the arc dfr' Practical astronomy was ah the Continent laT be- (ISO) 

Boribed wonld be an accurate measure (^ the double hind its state in England at the period of which we q{!|A''^^' 

deflection. The force of torsion fbr 1° of defleCtioQ speak. The various national observatories contri- conUnent- 

is known by the time of oscillation of the levtt buted comparatively little to the progress of science; ■! obtuTf 

and balls when free, and aa die forces ftn axacdy as but there were of course exceptions, a few of which ^^^11'* 

the anglest ^^ force corresponding to any displace' We will hen briefly notice. 

ment becomes known. Cavendiah condw^ted the ex' The discovery of the fom^ small planets' Ceres, 0^0 

periment with hia ueual patience, judgment, and sue- Pallas, Juno, and Vesta, the first by Piaizi, the second ^^^^ 

eess ; be found the joint attraction of the small balls and fourth by Olbers, the diird by Harding, gave cele- Uamt 

and large spheres to be about ^^S of a grain, their brity to tboseastronomers.ofwfaomPiaEzi and Olbers Olbart— 

omtres being 8-86 inches apart, and he thence com- Wetefiutherdislinguisbedbymany important labours. ^^"^ 

BmoIL pnt«d the density of the Eardi to be fi'48 times that To the latter we owe the discovery of several comets, 

of wator. Cavendish's paper is as nstial a model of and one of the best methods of calculating their or- 

precision, lucidity, and eondseness, The attraction Irita from observation. He was a person of much 

of the fixed parts of the aj^taratus is calculated and simplicity of manner, made his observadoDs with the 

allowed for. most unpretending means in the attic of his houae, 

(1S8.) It would be difficult to mention in the whole range and died at a great age generally respected. His 

Bftilj'i T^ of physics a more beantifo) and more important ex- firmest friend was Baron von Zach, who had no slight 

* periment It has been repeated since by Beich of share in the discovery of the new planets, owing to 

Freiberg and Baily of London. Thefbrmer obtained his having instigated tbe assodation of twenty-four 

6-44, the latter 6-fl6 for the Eardi's specific gravity ; aatronomers, chiefly in Germany, for the express pur- 

^ TIm •zparltMutiof Carendish u* rekted In tie " Fhilomphloal TrumCtioiu" for IT96; tfaoMOf Halch lna«Bpu«te«n&]l 
work, •ntitlfld " Vanuch* tibar die mtttlera Dlchtigkeit der Brda," Freibn'g, 1838 ; thoM of Bail; Id tha " HamoEra of tha 
AitroDomical Soelatj," tdI. xtv, A atltl more recaot Mri« of axperimentabj Raich glvei 6-S8, ■ doM &p)iioximatioii to Bailv'a 
reiDlt.— (iU«. Jtag. Mich I8G8.) From obiervatioDi with a pandulon in Harton nal-pit in 18U, Hr Aiij bii obtalnad ■ 
danai^ hlglMT than an^ of tha abova. 

■ In tha Fifth Dlnertation, paga 76S, Harding inata&d of Olber* U named u tha diicoverer of Vote. 
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pose of BsoertainiDg whether no planetary l>od7 filled Hia critical knowledge of the ancient languages (for 
the void between Uari and Jupiter. To Piazzi, of he could speak Greek with fluency) waa not more re- 
Palermo, we owe a most excellent catalogue of fixed markable than hia complete &eedom from national 
stars from ohserratioDS with a moveable circle of prejudices. Both attributes qnalified him pre-emi- 
four feet radius by Bamsden. Oriani of Milan was neatly for the oSice of an historian. He published 
likewise one of the best informed practical astrano- also a large treatise on astronomy, and nomerous 
aters of his time. memoirs on practical subjects in the CotmaiwamM 

In France, after the death of the celebrated La- det 7«in( between 1788 and 1817- 
caille, perhaps Lalande (who was exactly Maskelyne's Of his original labours the measurement of the gS^^^ 

coutemporary) was the moat active astronomer. To FrenchArcofthe meridian, ofwhich he hasgivenafull tbaE^anch 

him and his nephew we owe a very valuable catalogue account in his Bcue du Syttimt Mitrique Deeiinal, is Are. 

of 60,000 stars, lately edited by the British Associa- the most important As some account of thia un- 

tion. Butpracticalaatronomy was seriously neglect- dertaking has been given in Sir John Leslie's Dis- 

ed in France generally. The national observatory sertation, I shall state condsely a few particulan not 

was feebly auperintended by the later members oi there mentioned. Not the least singular feature of 

the Cassini family ; of the French expedition under this gigantic work was the political crisis under 

Maupertuis to measure the length of a degree in Lap- which it was conducted. So early aa August 1790, 

land, the Abb6 Onthier alone, it is said, knew how the French Conslitiient Assembly, on the motion of 

to use a quadrant, and the celebrated Lagrange waa Talleyrand, desired the king to write to the English 

aa ill informed until instructed by Lalande.^ government, to represent the advantage of the two 

(163.) But the most important labours of the French nations uniting to adopt a common unit or standard 

Tnooh IK astronomers at the dose of the last, and at the com- of weight and measure, which it was proposed should 

™ V'^^*' mencement of the present century, were in carrying be done by a joint committee of the Boyal Society 

out the measurement of the arc of the meridian from and the French Academy.*. Thia application was 

Dunkirk to the Balearic Isles, with the more imme- probably never made, at least nothing came of it; 

diate object of fixing the length of the mitre, but con- but the Academy named their own committee, who, 

tributing to the eolation of &r more considerable pro- after discussing three sorts of natural standards,-^ 

blema connected with the FiaUHB or the xakih. We the lei^h of the pendulum in lat. 46° (first proposed 

connect this labour with the respectable name of De- by Huygens in his Horologiwn OteUlatorivm), the 

lambre, who was more intimately associated with it length of a quadrant of the equator, and that 

than perhaps any other person, though united with of a quadrant i^ the meridian from ^e equator to ths 

such eminent men as M6chain, Biot, and Arsgo. pole assumed to be elliptic, — adopted the latter, 

064.1 Dblavbke was the pupil of Lolande, who used to and this labour was committed to M6chain for the 

Ddamlm ; say that his disciple was his best work. He first ob- southern part, from Bodez to Barcelona (170,000 

hiichan^ tained distinction as a computer of tables. Those of toises), and to Delambre for the northern, from 

J2,^ the motions of the Sun, Jupiter, Saturn, and Uranus, Bodez to Dunkirk (380,000 toiaea). The southern 

and of the aatellites of Jnpiter were deservedly arc was afterwarda extended to Formentera in die 

prized, and aome of them are atill the best of their Balearic Isles, and the whole length of the arc was 

class. Se was a man in whom the love of truth and fonud aatrouomically to be 12° 22' 12''6. Two bases 

accura^ was conspcuons. Learned and patient, he were meaaured (both by Delambre), one at Perpignan 

aparedno painain acquiring knowledge, and in using of 6006 toises, the other at Melun of 6076 toises 

it toihe best purpose. As a calculator he was emi- (each about 7'3 miles). When the length of thefer- 

nent. Physical astronomy he did not cultivate, ex- mer was computed l^ triangulation from the latter, 

ccpt with a view to compare its deductions with facta, the difference of the observed and inferred amount is 

He was intimately conversant with all properly as- said to have been only ten or eleven inches, 
tronomical methods and fennules. He knew the his- But difficulties greater than physical obstacles pre- (168.) 

tory of every problem, and the details and modifies- sented themselves to the completion of this vast work. '^ dUBetd- 

tiona of every aatronomical inatrument. Ho haa The excited state of the public mind during the most 

embodied the results of this vast industry in a series frenzied period of the French Bevolution rendered 

of works (forming six quarto volumes) on the hia- the simplest operations matters of snspicion. The 

tory of his favourite science, which are without a nearer to Paris that the survey waa carried on, the 

parallel for fnlneas and impartiality. He laboured greaterwere theprecautionsnecessary. Instruments 

as conscientiously to ascribe the due credit to Hip- were seized, assistants arrested, and night signals had 

parchus and Ptolemy aa to hold an equal scale be- to be totally diapensed with. " The coolnees and in- 

tween the merits of French and British astronomers, trepidily of Delamlne, added to unexampled patience. 



Puia ud Greenwich ObMiratoriu. 
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were tb« prindpal meani of extricating bim from his appliances, the Uiree-feet theodolite of Bamsdeu for 
diificvltieg : but his dangra was often imimnent, and horizontal angles, and the eight-feet zenith sector 
he appears tohaTeBometiinee heard the dreadful words of the same artist for latitudes, were unequalled in- 
which, as an eloquent author has expressed it, were struments, and contrasted in almost erery respect 
the last sounds that vibrated in the ear of many an with the light and portable apparatus of the French, 
unhappjr victim." The operations were actually sus- By means of the former the tphericcd eaeex$ of terres- 
pended for a time by a decree of Robespierre and his tnal triangles was first observed as a Eact. The 
colleagues, whodepo3edDelambre,alongwitbLaplace, results of the French and British arcs taken sepa- 
Lavoisier, Borda, and others, &om the Commission ratety concurred in showing a local curvature in this 
of Weights and Measures, as being deficient in "re- part of the world altogether anomalous, the de- 
publican virtues and their hatred of kings." They grees rather shortening in the northern part of each 
were, however, resumed, and Delambre had finished arc. This fact, which must be imputed either to 
Htchain, his share of the work long before his colleague MS- large local attractions, giving errors of several seconds 
Blot, ksd ^^Q^ whose shorter task was conducted amidst a in the determination of latitudes, or (less probably) 
'^ people rude and uneducated, indeed, yet far more to to a local departure in our quarter of the world &sm 
be trusted than were then those of the north. M6- the general or mean figure of the earth, sufficiently 
chain was apparently wayward and impracticable, shows the futility of the proposed method of deter- 
somewhat too aged for so great a work, yet a really mining a natural, recoverable standard of length, 
good astronomer. The went of agreement to within When combined with the measures of Bouguer in 
3*of two seta of observations for latitude stBarcelona, South America and Lambton in India, and the revised 
the southern end of the arc at that time, led him to arc (measured in the beginning of this century) of 
the suj^ression of one of them, and he was tormented Svanberg and Melanderhjelm in Lapland, the French 
ever after by the consdousness of the evasion, which and Enghsh measures give a general ellipticity some- 
deprived htm of the tranquillity necessary to resume what under iJg, which is probably as near the truth 
and complete his work, whii^ was done chiefly by as local inequalities admit of the determination bung 
I>elambre after vexatious delays.* The error, which made. 

may be said to have cost M^chain his life, was pro- To Delambre was confided the drawing up of the (168.) 

bably owing to the instrument employed on this snr- trigonometric formula used in the calculations of the ^T^^ 

vey, the repea^g circle of Borda, only fourteen snrvey, which were published in a separate work; mstriafin^ 

inches diameter, with a rather weak telescope. The Se Frony conducting the laborious calculation of an main and 

opinion generally entertained in Britaia is, that ths altogether new set of Ic^^arithmic tables, with the t>i>l^ 

lepeatmg circle was quite inadequate to the prodi- aid of an immense staff of computers, the results of 

gious accuracy required of it, especially in the deter- whose labour (still in MS.) are preserved at Paris in 

mination of latitudes. The errors of mere division 17 folio volumes. Delambre carried his personal 

are often trivial compared to those inherent in other exertions so far as to compute his own triangles— ~ 

parts of an instrument. Of these a deficiency of op- which were also independently calculated by Le- 

tical power, and the want of absolute securi^ of the gendre, Van Swinden, and Trallea. 

clamps, upon which the entire success of the prind- As an acknowledgment of his merit, the highest <1S9.) 
pie of repetition depends, are amongst the most ob- indeed in their power to bestow, the Institute of ''''^ . 
vious. The arc was finally prolonged from Barcelona France decreed to bim in 1810 one of the Decennial o^^qj],^^ 
to Formentera by Biot and Ar^o in 1806. The Frizes instituted by Napoleon. But the Emperor, 
oondusion of the survey was not destitute of the ad- though professing to be the warm encourager of 
venturous character oif its commenoement. The sdence, suffered some meaner motive to interfere, 
French astronomers ran many risks, underwent much and refused to ratify the dedsion. " Oe fut," writes 
suffering, and Arago narrowly escaped finishing his Dupin, " un pas dana la ivuta qui le menait i sa 
days in the dungeons of Spain. chflte." After the siege of Paris in 1814 Delambre 
(187.) The English survey carried on 1^ Roy and Hudge wrote a characteristic letter to his friend Moll. The 
^^ has been also noticed in the previous Dissertation, tranqnilspiritwhichhadbravedthehonorsoftheRe* 
The are from Daunose to Burldgh Moor amounts volution was not to be moved by the sounds of the 
to 3° 67' 13'' 1, the measured length to 1442963 artillery of the allied armies. In spite of the can- 
feet An arc of parallel was also measured from nonade which he heard from his library, he laboured 
Dover to Falmouth. We shall say something of its from eight in the morning until midnight ; and, con- 
later progress in the concluding part of this essay, sdous of rectitude, he feared little the revolution of 
but we have still to regret the postponed publication circumstances, which changing dynasties might call 
cS the British Arc of the Meridian, which we have forth. " Labour," he says, " occupies all my time 
no reason to doubt will bear a favourable compari- and all my faculties." 
son with the work of Delambre. The practical As Secretary to the Academy of Sdences for the (170.) 



1 Tbe hUtor; is mlnutelj (Itui by DdunbM blmielf in liii Blogimph; of U6cluln.— afirm. if a XVIII. SiicU. 
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m* inpw Mathematical 3(ueaeM, lie had to make freqwnt re- oal credibiliij of the Scnptwea, eapedally with regard 

^SmOL P^*^ "" ^^ piv^nsB of those progiMsive bntnchea to the most anraentutroDomioal records. The value 

of knowledge, and to oontribute meiiioirs at the moat of hia teatimonr is incnaaed bf his oniuaal skill in 

eminent academiciuu, both native and foreign. Both philelogy. He died 19th Angnst 1822, aged 73. 

these dntiea he executed with his «iutamarj labour We rMorre stHiie £uiher remarks cm Um geodetic (171^ 

and fidalitj. His private character wu as amiable resnits of this period, and especiallj on the peodalmn 

as his public career was distdoguished. The tendenejr obserratioin with which thej wen aocompanied, Sat 

of hif wiitioga was constantly to eoforoe the bJatori- the fourth aectaon of this cbifter. 

I 2. Sir William HbbscheL. — Hiatory of Sidereal and TeUecopic Aatronomi/ to 1820. Her- 

Bchelatan Optician. — Planet UranuB-~8olar Spots — Ortnt* of Double Start — Nebuloe — The 
Milh/ Wai/—Sun'B Motion in Space. 

(ITS.) i^f, eighteenth century waa not, generallj speak- length. In 1780 he contributed his first p^>eT on 

Q„,,^ , ing, distinguished bj originid obeerratians. The ex- the Tariable star in Cetv» to the Boyal Society, and 

ceptiona stand out with all the brighter lustre, the following year (13th March 1781) discoverod the 

Amongst these, the discoveries of Sir William Har- erratic body, which he at first took fbr a comet, but 

achel occupy perhaps the foremost place. Arago has which proved to be a planet exterior to Saturn ; the 

afGrmed that Slough is the spot on the earth's sur- first addition therefore to the number of the primary 

foce signalized by the most numerous discoTeriee, planets since a period of an immemorial antiqmty, 

and in a certain sense this is strictly true. No one. So fortunate a success made the name of Herschel 

before or since (with possibly the exception of Mr speedily famous, and he was efiectively befriended by 

Hind) has added so many new bodies to the known George III., who brought him to live near Windsor, 

planetary system, and this at a time when such and gave him a pension.^ 

discoveries were rarer, more unexpected, and more From this brief sketch it will a[^)eaT how great iXJi-) 

difficult than now. His researches on the fixed were the obstacles which Herschel had to vanquish 

stars are not of a nature to have their importance before he became a man of science, and that, besides 

numerically estimated. the claims to distinction alre^y enumerated, his 

(1^) Sit William Herschel's career was one of the knowledge and his skill were acquired in spite of 

J?J*J^"^. longest and of the most sustained labour in the history every disadvanti^e. 

'ofsdence. To have contributed papers — oftenseverat tactical Astronomy naturally divides itself into (ITS-) 

in one year — to the Philosophical Transactions for two great branches, that which depends upon the plT^^^'^ 

tiurty-nine consecutive years, firom 1780 to 1818, use of the telescope merely ; on the telescope and Aitrononr 

with bat two exceptions, is a feat of astonishing per- micrometer ; and that which determbes the absolute into Tal^ 

severance; but if we recollect that many of these places of the heavenly bodies, and requires the aids J^^J""* 

papers contain announcements of capital discoveries, of divided instruments and a well furnished obser- j^^f^ 

that every one of them is stored with original matter, vatory. In the century to which he belonged Her- 

and that the author had already passed his fortieth schel is the type of the telescopic observer, Bradley 

year when he commenced the production of this as- of the instrumental. The discoveries of Aberra- 

trouomical library, we cannot withhold a tribute of Hon and of Nutation by the latter may stand a com- 

the warmest admiration. parison with any in the history of science, but the 

MTl* hb- England cannot claim Herschel as her own, except resoluliou of Nebuln and the proof of the mutual 

teij, by adoption. He was bom at Hanover in 1738, and connection of stars in binary systems are not less 

was one of a numerous family who supported them- distinguished and original. Herschel would hare 

selves chiefly by their musical talents. William gained a great reputation as an optician, merely by 

Herschel, the third son, came to England in 1759 the wonderful improvement which he effected in the 

with his elder brother, and after struggling with many dimensions and magnifying power of telescopes, and 

difficulties, foond himself in comparatively comfort- by the skill with which he applied them to celestial 

able dreumstances as an organist at Bath. In 1774 observations. He would have stood stall higher as 

he had executed a reflecting telescope with his own an astronomer had he been merely the first observer 

hands, and soon acquired so much dexterity as to of a new planet and of eight secondary ones, as well 

eonstraet instruments of ten and twenty feet in focal as of several comets, and the author of many nice 

* It awj 1m donbud whether saj Mkar ilmlUr umoity WM given at that period on Mlentl&o gromndi alone, and It !■ dtfflenlt 
to eetiawta tha amount of benefit thoa conferred aa Mtroaomy, for nothing ihort of the gntire dsTOtlon of a lifetime ooald te*« 
prodneed each reaulta aa we owe to Henchel. Rla propoealto name hii planet after the Sovereign wai a very natural eiprMsioD 
of hii gntitnde at a period when no rule whatever existed on the subject. See an intereating letter from Henchel to Bir 
Jneph Bank* (who wai aUo a warm friend) in Weld'e Butvry if tie Rofol Sotttty, ii 146, MX. Hendiel wu elected into the 
Bojal Society 6tt> Dk. 1761. 
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ttHerrations on the physical tqupeanoica and eon- dimisiBlii^ the focal dislaiiee of the eyfrf laser th« 

•tkutioa of the inn and planets ; but his great gkry lattn can be had onlf bj incre«Nng the diameter of 

was in aidevoal aitronomT-, of which he hid almost the rt^oet-^ass (vspaenlnn, saaa to collect thara^ 

tiie fonodatioBB, b^ means of discvmies which he which &lt iqicai a dede of large diameter from everj; 

Cnrtuiately lived lon{; enovgh to see con&rmed and point of the object exanuned. Bnt in oidev that 

enlarged bejond his reasonable hopes. the wh«^ l^lht maj be eSestiTe, the magnifying 

(177.) In this krief sketeh of Herschel's odncrremsnts poweiof theeTe-ghssmBot besoffietentto coadoua 

(whidt in his own departmant maj be said to«iabcacc the emergent pencil within the dtameter of the pupU 

thoseofhisag;e,fi»lMhadhardl7antmitatBr,and«r- of the e;^ The propovtiBn in wliich these two 

taittlf no irnJ) we shall, in the first place, condense qanlifioations arc re^site to obtain die best results 

into snaU compass what is to be said on tfa» tw* in astroaumy is a matter inrelving nice questimn 

fftnamr hridn bin maiit as sn optician aad as a both of theory and: pnwticfl. Sir William Herachel 

plosetar; obserrer. did more thsu anj one who preceded or. fol- 

(178.) ^ oonataract good tdasct^s is itself nO' easy act^ lowed him to sotne tlunu On the whole, the illi^ 

Hancfaai h et^eaoUy if thaj ore to be carried to a size and per- miaating power is perhaps the most important, whilst 

MioptlcluL feotimk prarioosly mattaaned. To asoertahi the best it is the most difficult of sttsimnent ; but in truth 

oanpositifni, wbsther of ^luB or metal, to melt and each dass of tehscepio objects havs their own mla 

to cast itin the ri^t way, is one branch of die szt in bhis r^peot, BTillisntobjects,sach as Venus, and 

wJiiab may be called generally the e&ftnteaf part. To moderately bright atarstdo not reqniie large aper- 

fiuhion the lens or mirror correctly by grindi^, and tares ; rery feeUo objects, as the lemotar iMellitea 

to fititfor optical ase by givii^ itaaeaqmaite polish, and the neboln, reqtiire indispensably great illumina- 

is a second step requiring a.pecnliaiimfaAaawal.Bkill tion. Five satellitBa of Saturn were aeen by Sir W. 

and perwretance- To mount Um takac^ie. efiea- Heradtel in his great telescope by £&anaJt«i ajtb alon^j 

tively is another and sntBrely difierent pmblam in that is-, without the advanti^ o£ die magnifying 

Dteehanica ; and all these the omatear astronomer power of a lens: On die other, hand, Sir John Her- 

mnst be prepared to accomplish with At* owa handgi schel tells us that tiie s^ellites of tJranQB cannot be 

nalass he command the serrioes of piScticaL opticians clearly ma^ out without a magnifying power of- at 

to an extent rardy to be bought. Amalemn have least 300, tsAoUMi* may b« the (^ttrture afithe tel»' 

indeed ssldom soeoseded coo^ with, mdecting in- teope.^ 

strasMnta, and Bwsehel acted Tciy wisely in demt- The mention of magni^riag powers is calonlated to (180.) 

ing himself to their imprormiMirtat a tiwe when the mislead radier than otheonrise in oouqMnng-the effi- ^^g^^^- 

■oeoess t^ Dollond with achromatic talleecopea- had cient means of diffeient aakon<»nses; The magnify- ^^i^"" 

renderad die Newtonian^ &rm unfiuhionable. The ing powBrused by- Galileo did not exceed dnr^-two Aitnoamy. 

real secset of Herschel's : success was his astonishing times the diameter. Hnygens, who used aerial tci»> 

persereranoe ; his determination was to obtain tele- scopes of immense length, pushed it to 163 timea. 

scopes of twenty feet focal lengtli or more, and of a Anzout is said to horo given a power <^ 500 to one 

perfcetion eqnd or superior to that of the small ones of these gigantic instmmenla of 300 feet in Ibngth ; 

then in. use. Ha himself Idata^ that whilst at Bath bnt ills' easily nndentood that such achievements 

he had ooDstmded 200 specula of seren feet focus, were little mora than nominal, the meohmical diffi* 

150of ten feet, and about 80 of twenty bet; aproof cultry of msaiagti^ these instruments being exceasiTs. 

of eztraordiaary resolution in a man of limited means Shortpro&BBod to. oarty the magnifying powers of 

and engaged in a laborious. pro&BBion. By mokiiig hiB<Tr^oriBnrefIeet(ir8.to 1200, but still^ieyyielded 

00 great a number be could select those having only tnfliug &uits. to astronomy. It required thab 

the moat perfect figure, esped^ly befere^ho had' can- suoh instmmeDts ahould be made and uaed/onn- 

trived a methoddE obtaining mechanleallya paco- I>ar^ not as otnects oClnzury of ^lich bnt one or two 

bolic form, almostwith certainty. This .method was wereercrbron^tiBtoaDtual use. Herschel t^iplied 

notdivalged. Ho wasijustified in keeping his secret^ even to his seven-feet Newtonian. (his favoarite and 

whilst he made a handaome income from the manu*- emallest woridi^ siEe, hairing 8-3 iiichea aperture) 

foctuM of tideseopes for sale. I/ord Bosae and Mr powers exceeding 2000^ To his lazgest; icstrament 

Lasseii have had the merit efi publishing their (thirty-nins feet foons) was ocosaionally applied, a 

nethedst wluH^ by thdr results would iqipearto-be power of 6600. Tho lughest powers' usefolly em* 

at least equal to Hersebel's.. ployed widi dtegigsnticaohtoinalios-ofiPulkowaand 

(ITS.) The usefulness oS teJescopes depends^ on two dis- of Cambridge.(in America), do not exceed 1B23 and 

Magni^- ^gct qualities— magntfyiog' power and iUmainating 2004 times- reflectively. 

ImiiutlDK power. The former may be gained indefinitely I^ The motion' of the earth and die troubled' state of (isi.) 

powmof _— . ItiUmKa 

iwwmriftm. ^ gtniTe fboiid tlut with m mull teUaoope, nukgnifying threa timai, sud having, the tuna ■pertnre with th« pupil rf the ^e 
(O'E Inch), ha ooold Mlmt hmtIj twies u many ttan (aecan.t«lj 1-83 timea) m with the naked a7S. ThU reaolC, intanatiog on 
acTaral aceoimti, daNrve* farthar enquiry.— illttdM d'AMtnm. SuSairt, p. 8G. 
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the atmosphere, eipedally in these climat«a, impose covered Uranus and his six satellites, the two satel- Hmelwl's 

a speedy Umit to the increase of magnifying power, lites of Saturn next to the ring, and. several cometA. o|^^^ 

unless in exceptional circumstanceE. The same ob- He did not, so far as we know, even inspect the (m <%m$<- 

jections do not apply to the increased aperture planetary character of Uranus, which he believed to •■'SWikIj 

and illuminating power of telescopes. This con- be a comet. The honour of this appears to be due 

sideratioQ induced Herschel to construct his forty> partly to Saron of Paris, partly to Lexell of St 

feet reflector, the funds being advanced by the king, Petersburg. Arago supposes that Laplace had 

on the recommendation of the Royal Society. The also a share, but the evidence on the whole matter 

speculum had a useful surface precisely four feet in is somewhat obscure. Unquestionably it was an ex- 

diameter, the thickness three and a half inches, the ceedingly diflScutt matter to fix upon a correct orbit 

weight when cast above 2000 pounds. The second or for a body moving witliench extreme slowness within 

plane mirror having been dispensed with, the image the limita of the first few weeks after its discovery, 

was thrown to one side of the object-end of the tube and its distance was far beyond what any one calcu- 

bymeans of avery slightinclinal^on of thespeculnm, lating a comet's path wonld readily assnme. The 

and was there observed directly by a common eye-piece original discovery was also a forttmate one, for but 

or single lens, the observer being thus stationed with eleven days previously the planet wag in a position 

his back to the object he is viewing. This vast in- apparently stationary. It has led to results of still 

strument collected a cone of rays &om a distant point higher interest by the [a«diction of the existence and 

between six and seven times larger than the twenty- place of Neptune Irom the irr^ularities of Uranna. 

feet instrument commonly employed by Sir W, Her- The satellites move almost perpendicularly to the 

Bchel, of which the aperture was 18'8 inches. This ecliptic Strange to say, they remained for, I be- 

tclescope was not frequently used, partly from the lieve, morethanhalfacentury, unseen byanyeyebut ' 

rarity of BuiGciendy steady weather, and from the thatof their discoverer and his son: and two of them 

difficulty of preserving the figure of the mirror under still stand recorded on the single authority of Sir W. 

changes of temperature.^ Its figure was also afiected Herschel. They are the least specks of light which 

by flexure under its own enormous weight, and it optical power has ever made visible. (IB4J) 

has been found one of the greatest difficulties by those Herschel made many observations on the physical obwm- 

who have followed Kerschel's steps to avoid this appearance of the sun, moon, and nearer planets, and ^^^.*'** 

source of error. The forty-feet speculum has been the times of their rotation. Into these details we P^^' 

religiously preserved by the filial care of Sir John Her- cannot now minutely enter. The papers which record 

schel, in whose possession the writer of these pages them- are characterized (like all those of the same 

had the pleasure of seeing it, now many years since, author) by the faithful minuteness with which the ob- 

in a state of high polish. It remains in a deposit servationsaredetailedjandbythementionofevmyia- 

hermetically closed, at Slough.* fiuential circnmstanoe by which the results might be 

(162.) Herschel made an ingenious determination of what affected. In the case of observations so exceedingly 

^Mtlnit- ^^ called the tpace~penetrating-power of telescopes, by delicate as those of the planets, the astronomer has to 

power (^ which he discriminatedthe relative distances at which keep up an incessant struggle between the anxiety to 

•alwMpM. a given fixed star would become invisible in his record aU that he sees, and that of recording noMng 

several instruments. It was grounded on the as- more than he really and perfectly sees. One or two 

sumption that the visibility of the object depends, glimpses are not suffident. Herschel at one time 

first, OD the density of its light reaching the eye, and imagined that the new planet had one or more rings 

secondly, on the number of rays of that density which unquestionably do not exist. His elaborate in- 

concentrated in the image. The former quantity vestigationofthefigure, belts, and rings of Satum,the 

varies inversely as the square of the given distauce, incredible tennityof the latter, and the fact of their ro- 

the latter directly as the square of the aperture of tation in 10^ 32'", wereamoi^tthemost interesting 

the telescope ; the limiting visible distance therefore of his observations, and were illustrated by drawings 

of the radiant body will he simply at the aperture, made with remarkable care. The edge of the ring was 

To this he applied corrections depending on the loss seen in 1789, when it had totally disappeared in all 

of light by reflection at the specula, and by trans- but his forty-feet telescope, and he estimated that its 

mission through one or more eye-glasses. On this thickness could not exceed 100 miles. Howastonish- 

scale the space-penetrating-power of the seven-feet ing the m^;nitude and thinness of this stupendous 

Newtonian being twenty, that of the twenty-feet tele- drcuiar plane, or rather series of Bat rings I Some 

scope (front view) was seventy-five, and the forty-feet idea of it may be deduced from the fact that if the 

telescope 192. These estimations, as we shall see, thickness of the paper on which this is printed be 

form an important step in Herschel'a generalizations, taken to represent that of the rings, their greatest 

(ISS.) Of new bodies belonging to our system he dis- diameter would correspond to nineinches. Observa- 

' The frit object viewed by Sir W. Herachel with hl> gre&t tetucops in 1769 wu the oebuit in Orion ; possibly it wai alao 

the liut, for be again obaerved it la 1811 (See PMl. Tr. 1811, p. 32S). 
■ See WeldV tfiiiory of tha Royal Soeitty, ii., 193. 
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tions on the other planets and on the moon we here 
pass over for want of Bpace. 

I have reeerred the observations on the natore of 
the sun to this place, because eTerything leads ns to 
oBsimilate the natore of the snn and of the fixed stars. 
The belief that the Ituninons dislcof the boh is a photo- 
aphere or InminoiiB atmosphere of ^reat tenuity snr- 
ronnding a globe of comparative density and dark- 
ness, was long anterior to Herschel, and in &ct due 
to Dr Patrick Wilson of Glasgow, whose admirable 
paper on this subject was puhliBhed in the Philoso- 
phical Transactiona for 1774, in which he explains 
the phenomena of the solar spots by apertures in the 
Inminons atmosphere, discovering the dark nucleus 
below, and some shell or shells of intermediate 
brightness which form the penumbra. ^ These con- 
clnsions were most clearly and ably deduced from a 
careful observation of the changing aspect of the spots, 
as they move by the solar rotation from the centre 
to the edge of his disk. It is to be r^retled that 
Herachel does not more pointedly r^er to the dis- 
coveriea of Wilson, which were more than twenty 
years antecedent to his first paper on the subject, 
and with which he could hardly fail to have been ac- 
quainted. A similar remark applies, in a less degree, 
to his papers generally, which rarely contain references 
to the observations and speculations of his predeces- 
Bors. Herschel adopted Wilson's hypothesis almost 
literally, and his long series of patient observations on 
the Bun,made with high powers andat an eminent risk 
to his eyesight, enabled him to classify the singularly 
varied appearances of that wonderful orb, and to 
draw some probable conclusiouB from the excessive 
rapidity and seeming tumnlt of the exterior portions 
of it. That the phototphere is strictly gaseous he 
rendered very probable, an inference confirmed by 
the direct observations of Arago as to the un- 
polarized character of its light. The singular dis- 
cloenre of faint red prominences extending far beyond 
the disk, a!nd observed in the total eclipses of 1842 
and 1851, shows that there is still much which re- 
gards the myaterious nature of the son within reach 
of direct observation ; and the same may be observed 
of the direct experiments lately made on the heat 
andl^ht of difierent parts of tho disk, which diminish 
to one-half between the centre and the edge, and 
appear to attain a maximum at the solar equator. 

A convenient, though not a strictly chronological 
arrangement of Sir W. Herachel's more important 
sider^ discoveries and speculations may be mode 
under the following heads ; — 

I. Of double Stars and their mntusJ connection. 

II. Of the Nature of NebniR, and the so-called 
Kebular Hypothesis. 



III. Of the Grouping of the Stars generally in 
space, and the significance of the Milky Way. 

IV. Of the Motion of our System in space. 

I, On Double Stan. DUeovery of Binary Stft' 
temt. — Double stars were noticed aa otjects of cario- 
sity even before the discovery of the telescope. The 
group <^ the Pleiades attracted attention from the 
earliest times. Amongst the earliest double stars 
carefully observed were J Ursa Majoris (by Kirch, 
1700) ; m Centanri in 1709 ; 7 Virginis and Castor 
by Bradley (1718 and 1719) ; Mayer mode a con- 
siderable catalogue of double stars in 1766. But 
Lambert first announced in 1761 (in his XeCtret Cot- 
mologiqvei) the probability of the mutual revolution 
of suns, in these remarkable words (speaking of clns- 
ters of stars], " It will perhaps be decided whether 
there are not fixed stars which make their revolutions 
in no long periods ronnd their common centres of 
gravity." Mitchell, in 1767 and 1784, maintcuned 
the same views, but supported them by an applica- 
tion of the then young science of probability, hazard- 
ous in its principle, and unquestionably wrong in its 
numerical solution.' 

Sir W. Herschel commenced his observations on 
double stars with the hope of ascertaining the Annual 
Parallax in the manner previously indicated by 
Galileo and James Gregory ; but, as in many parallel 
instances, whilst he failed of his main result, he dis- 
covered unsought a phenomenon more unexpected 
and probably more interesting. With the micro- 
metrical means at his disposal, he entirely failed in 
detecting any «emt-annua2 fluctuation of the inter- 
val between the members of the pair of stars, but 
he found (in some instances) progressive and con- 
tinually increasing changes both in the relative 
position and distance of the two. He com- 
menced hia observatiouB in 1779> but it was not 
until 1802 that he thought himself entitled to an- 
nonnce with confidence his discovery of the circula- 
tion of one sun round another, or rather of both 
round their common centre of gravity. Herschel's 
first list of orbital stars (Phil. Tram. 1803, where 
this splendid discovery was first published') includes 
the chief examples now known ; and they have oil 
been confirmed. That of which the revolution is 
most rapid is ^ Herculis, which has a period of 31^ 
years, and consequently has revolved twice round 
since it was first observed, whilst the slow planet 
TrranuB has not yet returned to the position of its 
first discovery. Herschel does not appear to have 
received a medal or other public recognition of this 
signal Bucceas. 

Of the subsequent progress of this interesting in- 
quiry we shall speak in the latter part of this chapter. 



ftUsdto 



> FlamilMd appaui ts hftT« enterlsinwl in 16S1 k MHnewbkt ■imIW opinion, u wa flod tima s letter pnbliiheil (1866) in 
SlrDsTidBnwatul£^a(|/jr«wti)i>,Tol. li.,p. 103. 

■ 8m arc (86) ud MM. 

■ It w>j in fact dlitinctly thoogh iiicld«iit«Uy uiDoaDcsd In Ui pap«r of 180S, Uionsh the proob were gWsii ibs fdlowtag 
7BU. e« PIUL IVoM. 180S. 

TOL. I. 5 O 



y Google 



842 ASTBONOMY. — SIR WILLIAM HEB8CH£L. [Dim. TL 

Greaterpreeuumfaubeeain HtmereBpecta attained, but whilst, at the a&rae time, he [oooeeded diligently wiA 

little, if anything, added to the theory of donble Stan, the reflation of Buocessive Dobala, by means ufhia 

(IW.) II. On Neb^ilcB ami the (»Q-oaiied) NAxklar Hy powufal telescopes. HenaiatiUDedosthecoutnuyto 

KabulM. potheti*. — The cloudy patches of mild light which the last that nebnlw belong tn two olasaea, resolvable 

are visible in cleax but taoonless nights in various and irresolvable. ThelatterltebalievedtobeoompoMd 

parts of the sky are called nebulEe from their resem- of diffiite self-luminous matter, more or less eon- 

blanoe to light vapours moderately illuminatitd. darned, whilst the milky light of'the former is ocoa- 

Some tegilHiB of the sky abound more with them than sioned by the blended gleam of numerous close stars, 

others. The Milky Way presenta to the naked eye With this difference, we find his views regarding the 

a nebulous appearanoe extending over laige tracts, changes in the sidereal Bystem and the pn^;resB of 

and nebulae more er less dense are frequent within and the eondentatio* and breakiitg up of nebuln, nearly 

near its borders. These bets were well known from the same in his earlier and later papers, particularly 

an early period. 9ome conspicuous nebube were those of 1785 and 1811. 

described in die sizteeuifa century ; that in Andro- The opinions of Herschel on these changes w»« (193-) 
meda by Harius and the eonflpicuons nebula in the following ; — Having observed that the more ]„^^' 
Orimi by Huygens. Halley added sevmil. bnt the regular tvebnhe (whether with a oe&tral star or q^^ p,^ 
first descriptive catalogue of these objects was pub- not) presented almost invariably ao appearance o£ gnaive 
lished by Messier in 1783 (in the Con»amance det gradually increasing brillianoy towardi its centre, ^^''"** 
' T«ms), and it fqrms the basis of the modem obser- he was led to oonolude that this is due to the aggre- ' 
vations. gation of the self-luminous parts in virtue of their 
(191.) Sir W. Herschel took up the subject witJt bis cus- mutual gravitation ; and the oonoIuBion would so 
f^»'^i»- tomary aeal. Id 1786 he published a catalogue of far be the same, whether the parts thus coalescing 
bu^ . "'' 1000 nebulae, which he had increased by 1802 to were in fact numerous distinct masses, or were like 
3500. The first step to aome aj^ffeeiation of the a vapour difiused through space. This was the pn>- 
nature of these extraordinary appearances was of cess of eondsntoit'on, which ho inferred on the one 
course to clasaify them, and U)is Herschel did with hand frtim the law of gravity, on the other from the 
such sncoess that it may be afiiimed that his classes generally Bymmetrical arrangement of the luminous 
remain the best at the present time, as goMraUy re- matter in nebula of the first class. In order to de- 
presenting the phenomtma. Without enterii^ into tect, by actual observation, the progrett of condensa- 
all his detaila, the following division embraoea the tion, he invented a simple and highly expressive 
main facts : — terminology, indicating the general brightness, the 

A. Clusters of stars. amount of its gradation, and the law of its gradation 

B. Kebuln proper. from the circumference towards the centre. In 
It. HBvingacertaiDregnlaritT,asl. Circular or whatever degree Lord Bosse's late observations may 

planetary nehuln ; 2. elliptic; 3. annular, be considered to deprive nebuUa of the character of 

$. Wholly irregular, as the nebula of Orion, lymmetry which Herschel had conferred on them, 

the Magellanic clouds, Ac. the general fact of an apparent condensation in a 

C. Kebulous stars. great majority of instances cannot be denied. 

(I9E.) Samaria. A number of faint stars produce* a The breaking up of uehnlw (also described in his (19i.) 
tttol-nMa nebulous haie. This is a physiological feet. Parts paper of 1786, as well as in his later ones) is likewise ^ *"^~ 
winUsT o^ the Milky Way which present this appearance to an imfwred change anticipated in large irreipUar ZfX..^',"^ 
the naked ejre are at once shown by a telescope of nebulee, whieh usually exhibit bright spots or centres, 
smallpowertobeoompoaedofstars,'- Patcheswhich with irr^ular vacant spaces, which sometimes seem 
appear nebnlous in such a telesoope are shown by a like portions of a black and distant profundity seen 
better one to be composed of small stare. This is through the rents of a nebulous veil. Herschel sup- 
called the ^MoIuttoM of a nebula. Such resolntions poses that tiie luminous centres are also places of 
become more and more numerous as the apertures of greatest attraction, and must gradually draw away 
telescopes are enlarged. Lord Bosse's telescope has the star-like substanoo from the rarer spaces, 
resolved several which withstood the higheet power It is curious that these speculations of Hersdiel (iwt.) 
of Herechel's. One inference might therefore be that (which are substantially common to his papers of ^"'7 ">^~ 
aU nebuls are clustered stars, at a greater or less 1786 and 1811) had been at least imagined at a very thii hvw^ 
distance. Such on opinion is very general, and very early period. Arago has pointed out that Tyoho thwis.^^^ 
plausible. It may on the other hand be observed and Kepler eono^ved the New Stars of 1&72 and 
that Herschel abandoned this his earlier infswioe, 1604 to have resulted from a svddgn cQw^sntofios 

* The group of the PleiadM prennts > pecoliftr Itutance. When the eye U tacned full npoD it, no more than lU itan (m li 
well IcnowDj cui be counted, but when the eje U tamed uide through 10 or IS", bjspeenliBrlty of Indirect *lnon bymeuiof 
the Utersl pirta of the retluk, the group tppe&ra > muB of oebolooB light. Thli otImi from ha immenii* crowd of (tan jtiK 
below viilbllity, which, probublj troia the greater wnsitivenesi of this part of the eye, make ■ Miuible though aomswhit IndU- 
tlnct imprealon. Thii obMrration m to the Pleiadet, and the Inference which eipluni b; it the leeming coantleunen of the 
*tM« When viewed aiinorily, were published bj the prMont writer In Bnwltar'i Jounul for tB26. 
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0/ diffiue edeatiai tnattar, tuch at the MUky Way m- wMch we cannot afford space. Iti idea is essentially 
hSAu, and Tjcho alleged that tbe new star whs but- derived from the Natural History sciences, and I can- 
roanded by an obeeore space, balf as larfe as the not help thinking that Herschel most have derived it 
moon's disk. The history of Science scarcely pre- from some one more conversant with these than with 
sents a more enrions anticipation. mechuiioal physics. This opinion is confirmed by a 
(196.) One practical difierence between the earlier and carious illnstration which he uses in the same paper 
Hanolul'a later Tiews of Herschel on the nature of nebula, was of 1811. "There is perhaps not so mn^^ di^«nee 
^'til°^i u^^^^^B^A^^^'^™ °^^ system. For if the milky between them" (viz., the whole group of nebular and 
^m^ gf ' aspect be due to a confusion of small stars, it is quasi-nebular pbenomena), " if I may use the com- 
aabnln ; assumed that they must be almost incredibly distant, puison, as there would be in an annual description 
In his memoir of 1785, he estimates this distance at of the hnman figure, were it gives from the birth of 
not less than 6000 or 8000 times that of Sirius. achildnntilhebecameamaninhisprime" (p.271). 
If, on the other hand, the nebulous appearance be A theory or hypothesis in some respects similar (igg.) 
due to a diffusion of starry matter, the distance may had been previously expounded by Laplace in t^e liBplme4'« 
be that of any order of fixed stars ; and this opinion concluding chapter of his SytUme du Monde. ^tiBbulirhj- 
derives weight from the evident connection of some least it so far resembles it, that be puts forth Tycho's oonnected 
nebulee with stars round which they seem to cluster notion of the star of 1572 being a condensation of a with H«r- 
or hang almost like a drapery. Thus in 1811 he widely-spread stellar atmosphere (without, however, *°'^''*- 
supposed that the nebula in Orion need not be more naming Tycho), and supposes that our solar atmo- 
distant than a star of the 7th or 8th magnitude. sphere might also once have extended to the limit of 
(197.) It appears from his paper of 1802 (page 600), the system, and that the planets were thrown off sue- 
and tbsir that his ideas about nebuln were then wavering. Be- cessively in the form of nebulous rings (snbseqnsntly 
form^"^ tween that time and 1811 he elaborated the nebular condensed intospheres) ftom the equatoreal parts (Mf 
hypothesis, so &r as it ia due to him. He seems to this vast revolving moss during its contraction. He 
suppose that starry matter was once in a state of in- ascribes to Saturn's ring a like origin. It required all 
definite diffosion. That during " an eternity of past Uie authority of a name like that of Ii^lace to cirou- 
duration"(Fh.Tr., 1811, p. 287) it has been "break- late a theory so bold, if not extravagant. He adhered, 
ing np" by condensation toward centres mora or less however (at that time), to the old idea of tbe consti- 
remote. That the Milky Way — or at least the nebu- tution of nebulie, whidi he considered to be oomposed 
Ions parts which it contained — and the dispersed ne- entirely of stars, and to be at once the most distant 
hulee, are the rehcs of this former state of things, and the most massive abrogations of matter in the 
That where condensation has gone on more enei^eti- universe. Herschel could hardly fail of bemg ao- 
cally, we have uebulre with a gradually or rapidly qnainted in 1811 with Laplace's views, and they pro- 
increasing brightness towards the centre ; — ^if still bably in some degree influenced his own, particnlariy 
more energetic, a nucleus, or it may be a planetary as to the cause of the rotation of his condensing suns, 
nebula ; — next a nebulous star, which he supposes But he prudently reserved his hypothesis for sidereal 
onr sun to be, and the zodiacal light a relic of its objects, and did not deduce from it a planetary cos- 
nebnla (p. 311); — ^finally, the completely formed mogony. In the later editions of the 9ytttme du 
stars may be assumed to be merely consolidated ne- Monde, Laplace quotes Herschel's observations in 
bul». (See pp. 284, 285, 299. 310.) This conden- confirmation of his views, adopts the notion of a dif- 
eation, he believes, must be accompanied by rotation fuse nebulous matter, and considers that an hypothesis 
due to the originally irregular distribution of the arrived at by a " remarkable coiucidence" in oppo- 
gravitating particles (p. 312-319). site directions, is thereby invested with a great pro- 
(198.) The prooft on whidi the whole of this cosmogony bability. 
«ondI^ rests are, Irt, the gradation of appearances above Even Herschel's more limited conelnsions have (200.) 
tioa. described, to be collected from distinct objects in the been very dubiously received, and notwithstanding Donbt* re- 
heavens; and, 2dly, supposed changes observed by the weighty adhesion of Humboldt and Arago toS^^^s'^ 
him in the nebula of Orion and others, dnringthirty them, it may be affirmed that natural philosophers 
years, andeveu dnringintervalsofafewyears. As to generally are content to leave the solution of this 
the last argument, it is admitted, we believe, by the cosmical problem to that distant posterity which 
beet autiiorities, to be without weight. The changes alonecanhope to witness unequivocal evideuceof pro- 
of aspect of such curiously faint and graduated ob- gretiive change in those wonderful objects.* 
jects, even to the same eye using the same telescope, 

are numberless, and may be due to the slightest at- III. Of tht Grouping of the Start t/enert^y in (901.) 

mospheric and physiological influences. This teat Space, and the Signi/canee of the Milh/ Way. — ^h^ Z*",' "^"l'' 

(as applied hitherto) is therefore generally rejected, earlier astronomers, and jwrticularly Halley, had g^,,™ 1,^,. 

Against the first proof much might also be urged, for the idea that the nebnls — which abound so remark- *«■■, and of 

-tha UUhy 
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sbly in the Milky Way, and which may in some sense simplicity of the means by which it was reached, and 

be abnost said to compose it — are the parent-mattar the amount of mere mechanical and arithmetical la- 

1^ stars, whilst stars abound in their neighbour- hour which forms its sole basis, and constitutes its 

hood, or seem partly to compose them, in a state eaaenoe, ia a powerful lesson of how little mankind 

of incredible ^gregation. That the mass of sidereal has a rightto scorn the humblest means of knowledge, 

matter composing the Milky Way (which forms an or to attach the prerogative of genius only to the 

im^nlar girdle round the whole heavens*) has some lof^ flights of imagination and speculative philoso- 

special reference in its locality to our solar system, phy.' This triumph belongs to Herschel alone; his 

was also an early idea, which, towards the middle successors have commented upon and scrutinized his 

of the 18th century, had attained to something like results ; his son has " gauged" the Southern Hemi- 

KkDt, a definite speculation in the minds of Kant, Lambert, sphere, with like results ; hut the original result is 

I'U'l'bert. and other philosophers, chiefly those of Germany, snhetantially confirmed. We may therefore antici- 

"^ ^ Its origin is perhaps traceable to Thomas Wnght of pate so far as to quote the numbers denoting the 

Durham' (17^2), who affirmed that the Milky Way " plenitnde" of stars as we recede trom the equator 

is a projection on the sphere of a stratum of stars, in of the Milky Way in either direction, Jlrtt, as calcu- u obMrrtd 

the midst of which our Sun and system are placed — lated by Struve* and Sir John Herschel, from Sir Wil- >>; Sir Wll- 

somewhat ezcentrically, however, towards Sinus. liam Herschel's observations in the Northern hemi- ^".^'^ 

(80!.) I do not know whether Sir W. Herschel derived sphere ; tecondly, as calculated for the Southont he- ^ukImL 

Hencbal'i jj^ Qj^^ ideas on the subject either from English or misphere by Sir J. Herschel, from his own observe 

^''^'™' German authors. His customary silence (which is tiona at the Cape of Good Hope, 

to be regretted) on the history of his discoveries, lAmiuofZm*, 

leaves ns in doubt of his originality. Be this as it nekattutg from 

a&y, he proceeded to test the reasonableness of the 5'***'ip "^ 

spwulation, in that definite and thorough manner ^"^ "^°'- oS^p™^'^.) (luS."?^^ wti) 

whichwasverycharacteristicofhis genius. He pro- 0°- 1B° 634 69-1 

oeoded to number the Btars after a fashion which, if IS ~ 30 24-1 £6-3 

the early attempt of Hipparchus was pronoonoed in ts - 60 e-S S-l 

its day impious, might well have bmn accounted, 60-76 6-4 6-6 

even in Herschel's age, impossible. To nse his own 7B - M 4-3 6K) 

bold expression, he gcutged the heavens, by counting This table shows the extreme condeosatioa of the stars 

the whole number of stars visible in the field of his round the " Galactic" equator; indeed Sb^ve carries 

20-feet reflector as many times as possible, and in the average " plenitude" of the field as high as 122 

every region of the sky which was visible from stars in that plane itself. * 

Slough, distinguishing the results of each r^on. As According to Herschel's views, the whole visible fir- (jNM.) 

it was impossible in one lifetime to accomplish the en- mament of staro belongs to the nebula of the Milky 

tire survey (for the complete sphere contains 883,000 Way, of which our own system fi>rms an infinitesimal 

fields of 16' each in diuneter), he took an average for part. In his paper of 1786, on " the Constitution of 

each region, and thus determined the general popula- the Heavens," he inferred that the general form and 

tion of the sky in all directions. The result more than comparative limits of this cluster of stars might be 

confirmed the suspicions of Wright and Lambert, found from his " gauges," by supposing that his tele- 

and demonstrated a remarkable, and, on the whole, scope brought into view every star between the specta- 

a steady law of decrease, from the central zone of the tor and the surface of the cluster. Supposing the stars 

Milky Way in opposite directions, until we reach two to be viufortnly distributed within the cluster, it ia 

poles, one in the Southern, the other in the Northern easy to see that the number counted in a conical space, 

hemisphere, which are the localities poorest iu stars, having an angle of Id' at its vertex, would give the 

(208.) This DiscoYEBT (for It well deserves the name), Aeii/Atof the cone, or the depth to which the spectator 

nsoitodo which assigns a Law to the distribution of the entire is immersed in the cluster, in that particular direction; 

diffgnui ^i^lc bodies of the Universe in space, is surely one and thus he endeavours to assign the solid form of the 

regions of of the greatest which man has ever attained. The cluster and its dimensions, in terms of the distuices 

> Its pltne !■ iDClined sbont 63° to tbe Ctlutial Equator : lU nodfn ue In O" IT^ uid 13^ 47> of Bight Aeceaaion. 

* In hli Sft^prit of tke (MnrM, s nre work. B<e Frofeuor Dc Morgsn't scoonnt of Wrigtat, In the Philos. UaguEiia 
for 1B48, xxifl., p. 241. Wright be1icT«d th&t tha Hilky W»r vm ■ oougariw of atu* of ■ particular form, which it own to 
s rotstion of tha whole round some central point. 

s Another remark, pechapa, dewrres to be recorded. Bad Hipparchoe and hi> followen been deterred bj the threatened 
ebsi^ of impiety from making i catali^pie of atan, how great the loaa wonld have been, not tc «cience alone, but to onr eitl- 
mate of the order and magniflcsnce of creatton. The telcacope onlj increued onr knowledge of the nomber of worldi, without 
leallj enabling nt to approach to their limlta :— tha gaogea of Harachel, which he at firat auppoead to reach to the bonndaij 
of the vintja flrmament, proved to him at last that the wealth of creation waa an/altowiiJa by anynsaaurefae could apply to it. 
" Humbera numberleea" appeared la thote regiona where the ttntom of tbe llilky Way <a moat extended. 

* Etadu d'Ailrotumit StiUairt. 
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(hTpotheticsll; aniform) between any two stars. But Milky Way takes effect. He is therefore disposed to 

in his later memoin, Herschel seems to have felt the conclude that " onr system is plnnged in the sidereal 

insecnrity of his conclusions, and that there is no stratum constituting the Galaxy, reckoning firom the 

reason, but the contrary, to believe in a uniform dis- southern surfece to a distance which corresponds to 

trihntion of the stars ; that, at least in eome direc- the light of a star of the 9th or 10th magnitude."* 
tions, the Milky Way is unfathomable, or ito limito These great and arduous enquiries occupied Sir (ao7.) 

unattained even by the 40-feet telescope. (See bis William Herschel during nearly the whole of his 

Memoir of 1817) He therefore judiciously recurs scientific career, extending to almost half a century, 

to photometrical measures as the best criterion of the His first observations (Stmve remarka) dated from 

distance of the stars. The estimate of " the space- 1774, his last observations on this subject which have 

penetrating power" of his telescopes, already referred been published were of 1804, and his latest paper, 

to (182), enabled him to infer therelative distances at still on the same topic, was in 1821, when he was 

which a star wonld become lost to vision aided by almost on the verge of the grave. 

each telescope. Excepting the continuation of his labours by his (SOS.) 

(208.) Calling the distance of a star of the first magni- illnatrious son, little has been added to our know- Con^'»»- 

Ketative tude 1, and supposing that light takes three years to ledge of " the constitution of the Heavens" since his sanebel'a 

filfld" t!^°' t™™"e it,^-— death. We shall, therefore, hardly recur to the topic r«w»rcli«. 

* ■ Dirt. uibttniMiiiii in the latter part of this chapter. Some German 

Tbe dutuice of > iter of the nith mur- i, . , 'j]j..ji.j3 

Ditud. {th« tjmit of unuditod TUira) astronomers of emmence have indeed tned to deduce 

wiiiba 12 Mjtm. from an assumed distribution of the Stars in the Hilky 

LimltofaO-f8ettalMcope(i»edingiiig- Way, the necessity of allowing that space is not per- 

Lt&*i>:f«t«Yi.c^';V.::::::::;:::::2.804 ^la ::: f«ctly transparent, and have eren attempted to assign 

Limit of Lord Bvwa'i tolooop* (6 f«ct the law of extinction of light through the sidereal m- 

•"""""•ot) 3,436 10,308 ... tervals ; but having examined their reasoning with 

Yet none of these telescopes appear to touch the the best care I have been able to give it, I am 

bonndary of our nebula in the direction of its greatest bound to say that it iq>peaia to me very far short of 

extension, for fresh optical power still yields fresh conclusive.* 
harvests of stars. 
(306.) ^^ ^ direction perpendicular to the plane of the IV , Of tht Motion of our St/$tem in Spaae. — That (SM.) * 

All vliibla Hilky Way, not only is the paucity of stars remark- the stars are not /z«cl, but have " proper motions," Proper no- 

■ur* ba- able, but we seem to look out, as Sir John Herschel not explicable by the gyrations of our earth round its *!^!'^' 

mum^ describes it, into a starless region external to the stra- centre of gravity (which produce preoesaion and nnta- H»lley. ' 

th« Milkj torn. Sir W. Herschel concluded, in 1817, that the tion), nor by its revolution round the sun (on which 

Way. depth of the stratum in its least dimension is such as aberration and parallax depend), was a fact first de- 

to include all stars down to those three times more tected by Halley from a comparison of ancient and 

distant than the naked eye perceives. His son, 20 modern observations. Though small in amount, yet 

years later, infers, from the investigation of the as it continually increases in the same direction, this 

southern hemisphere, that the distribution of stars is Proper Motion becomes in the course of ^es an im- 

comparatively mdependent of direction for all those portant quantity. ' In 2000 years, Arcturus, ft Cas- 

which are brighter than the 8th magnitude, and that siopeiee and 61 Cygni have moved 2^, 3^, and 6 times 

it is by the influence of the hosts of lesser brightness the moon's diameter. 

visible in the 20-feet reflector, that the very remark- In 1748, Bradley (ay his paper on Nutation) stated (2io.> 

able law of condensation towards the plane of the the probable explimation ^ these apparent motions 

I TbsM ttartliug reaulti appear to ba mo— arlly traa, if the following uiumptloiu ba admlttad : — (1.) That the itara liave 
on on avTagt the Mine brilliucj in all ragknu of ipaoe. (S.) That tha tight raceWed iVom a (tar ia Inveraelj at tha iqnare of 
tha dutonca ; or that the laws of radiation and of vh *<va are rigoromly troa, and tbat there li no abaorption of light io ipaoa. 
(3.) Tbat theTiaibllltjof agtar ii aiactljai tha quantity of light received from it in the teleacope. Probably thU laat aaaump- 
^On la the laait lure. Wa bnow that magnliylog power (IndepaDdentl]' of UlnmiDatioii) alfeela the remit. 

■ Cap4 OiMrvsMoM, p. 363. 

' I ought perhapato atata that Inthii paaaagel bave referred to tha reaaoniDgi of U. StiUTe, oonloined in tbe latter part of Ida 
Xntdu d'AMr<HiaMi4 SuUairt. HaTing taken aome paini to follow tbe argament of that work, which profeiaee to be " baaed an- 
ttrely apon obterration, withont any arbitrary hypothec," I waa reluctanti; lad tDtha eondailon tbat M. Strnve'i asaumptioui, 
if taci^ were not tfaa leaa arbitrary and qaeationable. Indeed It appean Mlf-evident that no geometrical certainty can be at- 
tuned aa to tiie relative dlitaueaa of the itan oompoeing tha Hllky Way, but from aome fandamental bypotheaia reapeeting their 
nuignitndea and diatribotioo. T am peraoadad that tbe popular writera and reviewen who have given additional pobUdty to 
tbe moat ttriklng and podtive of H. Btrava'i concloiion*, have (very oaturally) done K on tha atrragth of tha antbor'a well-d^ 
•arvad reputation aa an obaarver, and wltiioat attempting to analyae bia reaaaning, which it nmat be owned li aomeUaMl obaenre. 
Uy otgactioni to H. Btrnva'a argument ware pat in wtit^g aaTeral yeara ago (IffiSO), but not pnbliahed aieept in nj laelaraa. 
It wa* only whIIH oorractiog the prooft of tbeae abeeta (1809) tbat I saw fbr tlie firit time a memoir by Profenor Enoke in tha 
.^MmMuKiU Saeliriekl4it, vol. xivL, ITo. 638 (publiahad in 1848), mainlining the lama view of the invalidity of H. Btrnve'a 
reaaoDing, and qnaatiooing thehypi>tbe*aa(of which If. Encke rei^ont^iri) tacitly annmed by him. Hm Datch Academy of Sdeoca* 
(Haarlem} liaapropaaed tha pcdnta at iMue between MH. Struve and Encke aa the aubject of aprliequeatioo. 
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notion of to be tlifl nal displKcemeiit of our Bim and STsteiD in 
iliB H>Ur fpaee. In 1760 Hayer gave ft list of 60 fltan whose 
^^"^'° proper motions be determined by & comparison of 
Sn^^_ Bomer'i obserrationE. He conceiTed the poasilnlitj 
Ifkjrcr. of determining the direction of the Bolar motion hj 
the changing aspect of the constellationB, keeping in 
▼iew, howoTer, that the effect is complicated by real 
independent movements of each indiridual star. 
Lambert and Mitchell entertained similar views, bnt 
carried them to no practical result. 
(311.) Here, then, Herschel appears on the field. He 
["j*^^^^ proceeded in 1783 to do what his predecessors had 
mioM tba ^Bcossed the poitUntity of doing. His own obserra- 
dirMtlmi tions were not available in a problem like this. Tak- 
ofmoUon. j^g ^^ beat valncB he conld obtain of the Proper 
Uotions of only abont 20 stars, he, with great saga- 
atj and ancceas, divined that the solar system is 
moving somewhere in the direction of % Hercolis, a 
point in the heavens whose right aaoenaiun is 257°, 
and north declination Sib". This resnlt he arrived at, 
almost vrithont calculation, by a mere consideration 
of the changing perspective of a mnltitnde of ob- 
jects amongst which the spectator moves. Mayer had 
flompared the ohange to that seen when we walk 
alowly throDgh a grove of rather distant trees. Those 
in fircmt will seem to widen or expand as we appioach, 
ittoae behind will condense towards the point we are 
qnitdng. The greatest proper motions will be in the 
objects on onr right and left as we advance. It is 
sot to be supposed that we find in the stars the eKoet 
counterpart of this change of place. For each star 
may by its own absolute movement in space either 
eonspire with or oppose the motion due to perspeo' 
tive. Bat a oombination of the vt?u>l« results will 
make apparent the direction of that part of the motion 
doe to a common caose, that is, to the translation of 
onr system in space. A cleverer approximation than 
Herschel's was never made. He returned to the sub- 
ject in 1806, but there is reason to think that his 
first resnlt was the more correct. 
(312.) As nothing titamtial has been added to Herschel's 

UororMwit discovery of the direction of the solar motion, we 
w^**" shall hero refer once for all to the important ctm/r- 
ubjed mationt which it has since received. Professor Ar- 
gelander, availing himself in 1836 of the improved 
stote of astronomy since Bradley's observations were 
made, and since their reduction by Bessel, considered 
the whole problem in a general and geometrical 
manner, including every well-determiued proper mo- 
tion^ by means of appropriate equations of condition, 
which, bong resolved by the method of least squares, 



give the direction of solar motion 261° 11' of right 
asoQision, and 30° 68' of north declination, difiaring 
respectively about 4° and 6° from Herschel's first 
numbers. Perhaps a still more convincing confirma- 
tion wasobtained by Mr Galloway (PAii. Trans. 1847), 
fVom the proper motions of stars of the southern he- 
misphere alone, which lead to a reanlt neariy coin- 
ciding with the above. 



Sir William Herschel's leading discoveries in Sid^ (^^3-) 
real Astronomy may therefore be ledueed to these — 8^™°»rj 
the discovery of binary systems of stars and the orbits lehel'* di>- 
of several revolving stars ; the discovery and dassifi- eonrin. 
cation of a prodigious multitude of nebuhe; the law of 
grouping of the entire visible firmament, and its con- 
nection with the great nebula of the Milky Way; and 
lastly, the determination of the £kct of the motion of 
our snn and system in spaoe, and the direction of 
tfa&t motion. Setting aside all that is valuable, in- 
genious, and noble in his farther speculations, and 
all that he contributed to the enlargement of onr 
knowledge of the system of sun and planets with 
which we are more immediately connected, these po- 
sitive discoveries will ever remain a magnifioent tro- 
phy of his perseverance and success as a natural phi- 
losopher." 

When his increasing years rendered the relaxation C^^O , 
of bis arduous course of telescopic observation ad- ^o^"" 
visable, whilst all his other faculties were in the vsiIodb. 
highest vigour, he began to devote more attention to 
physical enquiries less directly connected with astro- 
nomy. The nature of the emanations of light and heat 
proceeding from the sun was a matter on which he 
was forced to speculate in connection with his ideas 
of the sun's constitution ; and even the practical en- 
quiry as to the kind of dark glasses best fitted for 
defending the eye in observations of that nature, led 
him, in conformity with his usual habit, to a lai^ 
series of experiments on solar heat, and its trans- 
missibility through glasses of different colours, and 
other bodies. In the progress of these he was led ^**^ f'Ju 
to examine the heating power of the different rayt o/ipictnim. 
the spectrum, and consequently the refrangibility of 
heat. He then arrived at the real discovery that the 
place of greatest heat in a spectrum formed from the 
sun's rays by a flint-glass prism is considerably be- 
yond the extreme vitihle red ray. But we shall re- 
turn to this result in connection with the history (X 
radiant heat. He also mode some experiments on 



1 A imall ttar In 0ns M^or (1930 of Groomliridge'* Catftlagne)hH ui ■noul proper moUon of ^W ; tha stu-SlBl Pnp- 
jdi, li the graaleit knaKn, belog 7''E7. 

* Ko hUwriBH of iciBnce, or biographer of Sir W. Herachel, on f*ll to acknoirlsdg* with gntitude the Importuit aseutanee 
aAirded bf MM. Arago end Strnve toecompendioiu scqaiiintance with hi< wfltlngi and diicoTerieij the former by h[a article on 
Hencbel In the ^nnuai'r* dtt Burttm df Langitudu for 1842, the latter In hla Studti d'Aitrt»vm.ie SttUairc. WhUu aekDowtedg- 
log my obllgatioiu to theae works, I tbM Dot be inspectwl bj an/ careM reader of haTuig diipeaivd with a refenaca to the 
original memoln ; itUl \tm of having adi^ted without examioatloii th« concltuloni of theia eminent aathora, fVom whom, indeod, 
on Nma important points, I dilTar entinly. 
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the colovn of thin pUtes, bat to these he did not loding to the writingi of hii predeeeuon or eon- 
attach much importance. temporariee, even ho far aa to acknowledge their 

existence. The disooTeiy of binary ayBtems is pro- 

(21G.) ^^ philoiophioal oharactsr of Henwhel ia almoBt bablj that which was most aboolately his own ; but 

EarMhsI'i indoded in what praeedea; hot we will endeavour even rappoaiug the gpeculations of Wright, Lambert, 

'*""'•'' to anm it up in a few words. He united in a re- and Mitchell were not unknown to hijn, this would 

markable degree the resolute industry which distiQ> diminish but little the snbstandTe merit of having 

guiahcs the Germans, with the ardour and constancy devised and executed the means of removing them 

of purpose which haa been thought characteristic from the regions of almost metaphysical abstraction 

of the Anglo-Saxon. From his native country he to that of concrete reality. 

brought with him a boldness of speculation which His long and tranquil but ever active life oorre- <216.) 

has long distinguished it, and it is probable that he sponded happily to the nature of his pursuits, which *''f '*"'8 

had also a vigorous and even poetic imagination, required an absolute devotion of his time, and the ' 

Tet he was ever impatient until he had brought his means of instituting eomparative oheervalions af^ 

conjectures to the test of experiment and observation an interval of many years. There are not many 

of the most uncomproauBing kind. He delighted to philoeoi^rs who could have expected within their 

give his data a strictly numerical character. Where lifetims to see at least one pair cf suns comfdete 

this was (by their nature) impossible, he oonfiimed their mutual orbit 

his descriptions by reiterated ohaarvation, in different Hersdiel's career at length drew to a dose. He (217.) 

states of weather, with different telescopes, apertures, died peaoefnlly at Slough, near Windsor, where he""^^*" 

and magnifying powers ; and with praiseworthy fide- had resided throughout the greater part of his 

lity he enabled his readers to form theb own judgment life, at the age of eighty-three, on the 33d August 

of the character of his results by copioos and literal 1822, one year only after the publication of his latest 

transcripts from his joamals. On his elaimt tri memoir ia the Transactions of the then recently 

originality we are unable in all caaes to decide, owing formed Astronomical Soeie^, of which he was the 

to almost his only literary fault, that of rarely al- first President. 

§ 8. Bbbssl — -Mr AiRT — Modam Obiervatoriee. Fixed Star Catalogvet — Planetary and Lunar 
Obaervation: 

(218.) -^ '^ aH>roach the most recent period of the his- tracting trustworthy reanlts from observaticms made 
Modarn u- toty of astronomy, I feel the inereasing difficulty of a with due care. The art of dividing instruments vras 
b^Domickl JQQ condensation and selection of the interesting mat- carried to great perfection in Great Britain byCrraham 
■inoe 1810. ^ which daims our notice. Astronomy has been so and Bird, but their preference of the quadrant to in- 
generally and so zealously cultivated, that it seems strnmeuts of a drcnlar form (introdoced long before 
almost invidious to select a few namee and a few lead- by Biimer) retarded the progress of astronomy. Fo- 
ing discoveries as the topiee of discussion. It is, reign observatories in the eat^ part of this century 
however, necessary to do so, and I shall be guided by (as in the last) sought their divided instruments fron 
the single aim of trying to spedfy impartially those London ; Piazzi and Bessel worked with English 
individuals who have by their labonrs given most of circles. Troughtonwas as an artist the worthy suo- 
the impress of the age to the sdence which they re- cessor of Bamsden ; and even to the present time 
present. In a subject like this, of almost infinite de- British astronomers, at least, do not admit that the 
tail, the reader is not to expect a hat of the nanea of nice contrivances and beantifhl workmanship of Bep- 
all discoverers and iin|wovers ; it is not our business sold and of Merz in Germany, or of Gambey is 
here to dwell upon mere labours of precuion, to which Franco, have produced instruments worthy of more 
so large a part of the most useful industry of astro- confidence than those which have been eonstrocted 
nomers is devoted ; but to show the spirit in which at home. In the improvement of object-glasses for 
these labours most be undertaken, and the gentrtd telescopes, however, Germany and France bear away 
remlu by which they enridi the knowledge of the the palm, although for many years Bollond supplied 
passing generation. Europewith his achromatic telescopes. With regard to 
(319.) In ttie first section of this chapter we have sketched constancy and fiddity of observation, whether in fixed 
PnctieU (in connection with the nune of Maakelyne) the observatories or in maritime and gec^rapbieal expo- 
i*Es*^^ state of accurate astronomy in fixed observatories, ditions, English astronomns have never been back- 
down to about the year 1810. Suee th^ period the ward; aad the reputation of Greenwieh Observatory 
multiplication of obsarvatoriea has hem very great, in this respect (and also in the punctuality of pnh- 
There has been a great imprevenunt in instruments lieation) haa^as we have stated dsewhere^ earned the 
and in the methods of using them. But there has been a[q»robation and gratitude of all Europe, 
an incomparably greater advance ia the methods of ex- But here our praise of British astronomy most (220.) 
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Bcdnetion paoie. TJntil very recent timea, with few exceptions, wich in 1760 and some following years. In reality, — redno- 

ofobMTTt- Qf]f obierrers, howeTer industrious, have merely no better observations had been then made. The in- *'"'' o' . 

De!Xc^ used mechanically the apparatas put into their hands struments had undergone no material change ^""n&ob^rfi' 

by intelligent and conscientious artists, who yet, the long andinduBtrious, though not splendid, careertioDa. 

never having occasion to apply their own handiwork of Uaskelyne ; and Bradley was beyond question the 

to the purposes for which it was made, could not be most accomplished astronomer of the 18th century, 

expected to detect deficiencies of construction, nor Let us record it as a &ct for the enconragement of 

to possess the mathematical knowledge required to consdentious labonr in the service of science, that 

remedy them. To determine in a complete and inde- these precious records of the state of the heavens, of 

pendent manner the errors, not only of adjustment, which the value seemed unknown to a whole socceed- 

bnt also of constraction of the instrumente, and to isg generation (bo that they wer« not even printed 

correct them by calculations (deduced when neces- in a crude form until nearly fif); years after they 

sary from frequent observations of their amount) is were made), were disinterred, so to speak, by an 

now felt to be the duty of the astronomer himself. Ulustrions foreigner, and io course of time made the 

This improvement (though, as we shall see, already basis of what, in respect of precision and method, 

partially practised even in England) was mainly due might be called a new astronomy. Bessel was aa- 

toBeBsel,whosenamewe have placed first at the head sisted in this work by a grant from the British Board 

of this section. But astronomy owes to him much of Longitude. 

more than this. He first showed that it is part of The observations especially considered by Bessel (S33.) 
an intelligent astronomer's duty, not only to obavrve are those of the fixed stars. To apprehend their'im- ^"^l ob- 
stars and planets, but to undergo the vastly greater portance, we must recollect that the foundation of an^^J^ * 
labour of comparing his results with the best theories accurate knowledge of the orbits, and of the pertur- 
of his time, and of improving as far as possible those bations of the Solar System, not to mention less ap- 
tbeories, so as to hand over each branch of science to parent but not leas remarkable changes of place in 
his successor in a more perfect state than that in the stars themselves, consists in rendering perfectly 
which he found it. In all these respects practical comparable observations of position at one tune with 
astronomy commeoced a new epoch in Germany, and those made at another more or less remote. Now, 
on this account prindpally we place the name of not only are our transit instruments and quadrants, 
Bessel in a conspicuous rank. and circles, and clacks, afiecled with errors more 
(221.) Fribdbich Wilhblh Bessel was bom at Minden or less unknown, so that the registered figures re- 
B««m1— hU on the 22d July 1784. He was destined for a mer- quire correction ; hut, in consequence of BJe&action 
l^i^g^ cantile career; and it is on interesting fact that it was and Aberration, we see no body whatever exterior 
the expectation of an appointment as supercargo on to the earth in its real visual position ; and this 
a commercial voyage wluch led him to study navigo- visual position, when found, is injected by Parallax, 
tion and astronomy, and finally induced him to de- Besides all this, the grand points of raference in 
vote his entire energies to the latter science, in which the sky, the Pole and the Ime of Equinoxes, are 
he received every encouragement from the amiable 01- undergoing perpetual, though small, changes of po- 
bers, who fortunately inhabited Bremen, where yuong sidon : — the first star of Aries bad already, in the 
Bessel was engaged in business. He conunenced his time of Hipparchus, wandered from the point of in- 
astronomical career by redudng Harriott's ohserva- tersection oftheEquatorandEcliptic; — consequently, 
tions of the comet of 1607, and was thereafter ap- longitudes and right ascensions have to be reckoned 
pointed assistant to Schriiter at the observatory of from a directional hne in space altogether imaginary. 
Lilienthal. In IQlOhe was removed hy the Prussian The poteof the heavens wanders amongst the stars, in 
government to the charge of the observatory about to consequenceofNutation— the obliqnity of the Ecliptic 
be erected at Eonigsbeig, where he spent the re- isitselfchanging; aud,to crownallthesecausesof per- 
m^der of his life, and which he very speedily raised turbation and seeming unsteadiness, the stars called 
by his labours to almost the first rank of European fixed have (as we have formerly seen) peculiar and 
ohservatories. In fact, he possessed, in a singular indiridual displacements not accounted for by any of 
d^pree, the qualifications for directing a great obser- the preceding causes of change. In short, nothing is 
vatory ; including a thorough acquaintance with the fixed and comparable, except onr measure of time, 
use of instruments, with the theory of astronomy in The length of the sidereal day is subject to no secular 
all its branches, with the higher matJiematics, and also variation. The bases of Astronomy, — the Fujida- 
the art and practice of calculation, as well as with menta Attronomia, — then, evidently consist in the 
many allied branches of natural philosophy. perfect evaluation of all these varying elements, ao 
(923.) The work by which he is perhaps best known, the that the stars, if not really fixed, may become, for us 
™' '*^''*' Fxifidamtnta AttronomUe, is not grounded on his own at least, virtually so, — that by their aid the position 
^. obserrations, nor even those made in the same cen- kX the fundamental directional lines of the sphere 
tury, nor in his own country, but, what may appear may at any time be found, and the relative positions 
singular, upon the observations of Bradley at Green- of the stars themselves. After this it is easy to 
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nfer the places of wandering bodies to standard verrier and Adams' discoveries, and their trinrophant 
points. consummatioD by M. Galle. 
(SM-) BesseVa work includes a methodical reduction of Even before Beseers career as an astronomer had (£27.) 
B*""!** the places of above 3000 stars observed by Bradley, properly commenced. Pond, in England, had antici- ^^' *■■• 
and an investigation of the sun's apparent path, to- pated, in a good measure, the improvements in prac- mtr-RoTal 
gether with a full discussion of the principles and tical astronomy to which we have referred in the >n eical- 
application of every correction, instrmnental and banning of this section. Already, in the earliest '""* "^ 
uranographical, which such observations require, and years of this century, he had made observations at his *"""' 
which are applicable to all others of the same kind, private residenco with a comparatively small circular 
It includes, therefore, dissertations on some of the instrument by Troughton, which led him to detect the 
most delicate points of Astronomy, and " Constants" gradually increasing^ errors of Bradley's quadrant still 
for the different corrections, which, with slight varia- in use at Greenwich, and to recommend the adoption 
tion, have been since employed in every observatory, of complete circles (disused since the time of Biimer) 
Bessel devised also a remarkably simple mode of Gnd- and the specific examination of errors of division, 
ing for each star the varying corrections of its place. These principles he carried oat at Grreenwich, to which 
The proper motiom of the stars were also determined establishment he was afterwards appointed. His very 
for the first time with approximate exactness, by indifierent health prevented that incessant activity 
comparing Bradley's places with more modem ob- which the management of a first-rate observatory re- 
servations, quires; nevertheless.heisjustlyr^^ardedasoneof the 
fSSS.) In subsequent years (the Fwtdamenta were pub- chief reformers of the practical astronomy of those 
J||J^^^ lished in 1818) Bessel contributed to the science of days. 

vttloiu, astronomy numerous and rt^tar observations of the His successor, Mr Airy, has distinguished himself (!S8.) 
heavenly bodies ; the Annals of the Konigsherg hj a more active career. Endowed with very un- Sui«eBd«d 
Observatory were regularly published from 1814, common abilities, and with great physical powers of ^^i*^ 
being (I believe) the first foreign establishment endurance, he has, from his youth, been ever foremost 
which followed the example set by Uaskelyne at not only in promoting, in every one of its departments, 
Greenwich, with the important addition of systematic his favourite science of Astronomy, but also many 
reduction, other allied subjects, particularly Optics, to which wo 
(29S.} Of the subsequent labours of Bessel we must speak shall have occasion to refer in ano^er section. 
™*^"'^"" very shortly. The determination of the parallax of Bom in the county of Northumberland in 1801, (226.) 
ouMtRuiD- the star called 61 Cygni, perhaps the moat original MrCJrBORaB BmuBLi. Aiay acquired great distinction ^'' """"' 
Bf- and important of these, we shall refer to another sec- at Cambridge, where he graduated in 1823, and was J^t,^|^ 
tion, where we shall compare it with the results ob. appointed to the charge of the Observatory there in uid praeti- 
tained by other astronomers. He made interesting 1828, after the death of Professor Woodhouae, aper- <*l "'ro- 
physical observations on Halley's comet nt its return son sincerelyattachedtoastronomyandwell skilled in "*""'' 
ia 1835 ; he prepared the materials for a very ex- it, yet one who did not succeed in imparting much in- 
tended catalogue of fixed stars, arranged in zones, teresteither to its theoretical or practicaldeportments. 
more recently published by Professor Weisse. In Mr Airy engaged in the important investigation of a 
connection with the theory of the pendulum as a new irregularity in the motion of the Earth and 
measure ofgravity, he repeated and extended Newton's Venus, to which I hare referred in the chapter on 
important experiments on the uniformity of the gra- Physical Astronomy (114), and at the same time he 
Titating force on all kinds of matter ; he applied a undertook to publish his own Obaervations in regular 
new correction to the vibrations of the pendulum, and annual volumes, including a complete comparison 
improved the method of observbg them correctly; of the results with the best tables, thus presenting 
and he discussed with his habitual mathematical skill at a glance the existing errors of theory. This prac- 
and elaborate perseverance the figure of the Earth, tice be introduced at G-reenwich on succeeding Fond 
from the whole of the then existing observations; there in 1835; and he has pursued it ever since, 
whilst he also directed an operation for connecting But not contented with rendering the annals of the 
the Russian triaugulations with those of western National Observatory a correct reflection of the state 
Europe, — a. delicate task, which he performed with of the heavens in his own day, and also of the con- 
consummate skill. It will thus be seen that (without ditionof Astronomitul Theories, he did not rest until 
mentioning a boat of minor works and memoirs) there he had performed for the observations of his prede- 
was hardly a great department of Astronomy in which cessors the same service, and thus produced a series 
Bessel did not take a distinguished part. Even the of comparisons of the observed and calculated places 
discovery of Neptune, by calculation from the irregu- of the moon and planets, unexampled for extent and 
larities of Uranus, was contemplated as a practicable accuracy. Beginning with Bradley's Observations 
problem by the veteran astronomer in his later years, in 1730, he investigated and applied all the instru* 
He died on the 17th March 1846 ; therefore only a mental and nranographical corrections to each, as 
fbw months previous to the publication of MM, Le- Bessel had done for the observations of the sun and 
VOL. I. 5 F 
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fixed stars, and then calculated the tabular places for 
the same inBtantB of time. This last, especially in the 
case of the moon, was a tml j formidable task. The 
whole labour was methodically performed at the 
expense of gorernment hj a staff of no lees than siX' 
teen computers, under Mr Airy's vigilant superin- 
tendence, and it extended, first and last, over the 
space of a dozen years. The results, printed in the 
most eompendions form, fill 2200 quarto p^es. One 
consequence of this systematic reduction was, that 
MM. Leverrierand Adams were separately provided 
with the places and errors of the Tables of Uranns 
necessary for their great investigations; and the 
Lunar Theory has been enriched with Mr Hansen's 
latest corrections through the same facilities. The 
final corrections of the co-efficients of the Lunar 
Tables are concisely stated by Mr Airy in a paper 
addressed to the Royal Astronomical Society. 
(130.) Like Bessel, Mr Airy is thoroughly acquainted 
Tb* Daw with the theory and practice of mechanics ; and he 
^^wieh jj^ applied his knowledge both to the improvement 
(a,d«. ofclocksandof properastronomicalinstruments. A 
great and apparently succeesfnl experiment of the 
latter description is now taking place at Greenwich. 
A meridian circle (combining in effect a mural circle 
and transit instrument) has beea erected, of great size 
and optical power (6 feet circle and 8^ intji object- 
glass). But the novelty of the apparatus is its great 
weight and strength. Hitherto artists and astro- 
nomers have sought to avoid the evils of unsteadi- 
ness and flexure principally by the elaborate ft^ming 
and trussing of light materials (chiefly brass tubes), 
and (in Qcrmany especially) by an elaborate system 
of counterpoises. The new Greenwich circular in* 
stmment is constructed of as few pieces as possible, 
of great strength and weight, and in great part of 
cast iron. The whole was elaborated and prepared 
for dividing in an engineering workshop, and with 
the powerfiil and accurate tools which modem engi- 
neers use. A man might stand upon the axis with- 
out producing the smallest bad effect It is under- 
stood that the result is perfectly satisl^tory as to 
steadiness and stifihess. Mr Airy has likewise in- 
vented and erected a new and most ingenious zenith 
tube (acting by reflection) for ascertaining the place of 
■y Draconis, a star which, at its superior culmination, 
crosses tbemeridianofGreenwich almost in tbezenith. 
(BSl.) There are few projects for the improvement of 
astronomy is the last twenty years in which Mr Airy 



has not been a counsellor or participator. He has Introdno- 
at all times giveo cfiicient aid to those engaged in the''™'^B^* 
pnrBuit of science; and has been himself the first to im-^,^ oTob- 
port from America and to establish on a great scale NrvBtion t* 
the method of recording observations by means of aOr««nwich. 
galvanic pressure produced on a sheet of paper sur- 
rounding a cylinder; which cylinder is moved in a per- 
fectlyuniform manner bymeans of a connection with a 
clock producing uniform motion on the principle of 
the conical pendulum. By means of a simple contri- 
vance the tracer follows a slightly spiral line, so that 
one barrel may include many hours of continuous oV 
serrations. He has also established galvanically time 
signals, and employed them for the determination of 
longitudes. Besides all this, be baa taken part in 
furthering geodetical measures, in regulating the 
national standards of length, and in promoting in 
vonous ways the collateral sciences. He contributed 
to the Eneyelopadia MHropolitana a most able 
analysts of the methods for determining the Figure 
of the Earth, and his conclusions have been very 
generally adopted. In the same publication he has 
given a theory of the rndes, already referred to (78, 
82), The public and his own university are indebted 
to him for several very valuable text-books on mathe- 
matical physics. 

During his incumbency at Greenwich, Magnetical (S33.) 
and Meteorological Observations have been *^*'^„d^^ 
to those of Astronomy, and enga^ the time of fouTi^oHilogi- 
regular assistants in that deptutment. The aatro-olobMr- 
nomical assistants amount to six, besides occasional ^'^^°*' 
computers. It may safely be affirmed that there is 
not a pnblic establishment in a more complete state 
of efficiency than is Greenwich Observatory at this 
moment; and that its traditional reputation, ex- 
pressed in the emphatic eulogium of Delambre, Art. 
(160),runs no risk ofdeterioration under the direction 
of Mr Airy. 

Our limits will not allow us to refer to tJie nn- (133.) 
merouB private obeervatones in England and P'^Wic^^V' 
ones abroad which are contributing useful elements 
to the promotion of astronomy. It is not too much 
to say that the activity of Greenwich has set a gene- 
rally good example. The observations at Oxford 
and Edinburgh have long been reduced on a syste- 
matic plan ; those at Cambridge had been already so 
treated. The establishments where sidereal astro- 
nomy is particularly cultivated will be noticed in 
anoUier section. 



5 4. BoRDA— Kathr— Bailt. The Fiffureof the Eatth from Pendulum ObtervattotiB-^" Seduc- 
tion to a vacuum ;" Mr Stotes. Colonel Everest — M. Stsiive. Latett Mecuura of the 
Earih. M. Foucault's Pendulum Experimait. 

(tSi.) In *^^ ^"t section of this chapter I have men- briefly to the employment of the pendulum for the 

Fignra of tioned the progress made in determining the figure same purpose. 

th. -ru, ^ jjj^ ^^ jj^ measurements of its surface in the Clairaut had published in 1743 a very remarkable ^36.) 

early part of this century. I shall now advert theorem which connects the force of gravity in any 
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CoDDMtiQii Utitnde with the compression of the terrestrial ellip- has had a yarj great reputstioa in France. He vos 
°^^'V"' sold.' The pendulum is the readiest and most occu- one of the principal designers of the measurement 
flnra of i^*^ means of detennining rariations in the force of of the French arc, and was emplojed in its snperin- 
the nrth— gravity ; the repetition of its oscillatioDS enabling tendenoe, especjallj ais regards the measurement of 
ClUnut ■ ^^g obaarver to ascertain their average duration with the base, His expenments on the pendulum were 
""*' extreme nicety. Hie more rapid the oscillation the origLaall7undertaken(Ibelieve)in 1790,withaTiew 
greater is the force of gravi^, because the beary to making it the basis of th^ national measures, but 
body is more quickly drawn into its lowest posi- were afterwards subordinated to the greater scheme 
tion. Two sets c^ observations, made in different lati- of terrestrial measurement. Baily records a &et 
todes, would, rigorously speakii^, suffice to deter- connected with Borda, not unworthy of mention, as a 
mine the polar compression, supposing the earth to caution to observers : — the year in which many of 
be a geometrical ellipsmd, and composed of homoge- his experiments were made is not discoTcrable &om 
ueous and concentric layers ; a lai^et number would the account of them, though the day, hour, minute, 
serve to teat the accuracy of these assumptions, and and eseond, ore recorded with praiseworthy fidelity, 
would, at all eventa, be imperatively required to From this time pendulum experiments assumed an 
eliminat« the errons of observation, astronomical and geodetical importance. The appo- 
(236.) It might be supposed that to synng a pendulum, ratos of Borda consisted of a Blender metallic wire, 
Esrljr pen- count its vibrations, and measure its length, is a attachedat oneend toaknife-edgesuspension, andat 
~~*V^ very easy thing. Experience shows that a more tin other to a small braas cap, nicely fitted by grind- 
difficult practical problem can hardly be proposed, ing to a sphere of platinum which formed the bob or 
Those persons, therefore, who have in a good mea- weightofthependulum. Theoscillationswerecounted 
sure overcome the difficulties, are to be regarded as by iJte method of " coincidences," that is, by placing 
promoting materially an enquiry which has always the experimental pendulum in front of a good clock 
ranked amongst the most interesting connected with with a known rate, and observing after how long a 
astronomy. Some of the observations of the eight- time the two pendulums (having started in the same 
eenth century, especially those of Lacaille at the direction) again coincided in their motions by one of 
Cape of Good Hope and of Phipps in the Arctic them having gained or lost exactly two vibrations ; 
BegiouB, appear to have been made with much care ; a method which has beraa used at least since the 
but the French astronomer Boida seems to have time of Bouguer. The time of vibration being thus 
given the initiative to obswvatious of a higher d^ree known, the distance from the knife edges to the bot- 
of aocuracy, and his methods were ably carried out torn of the ball was measured by means of a scale ; 
in connection with the 'great French meridian arc, and due correctious for the position of the centre (^ 
by H. Biot, who even extended his stations to the oscillation were then applied. 

Island of Unst in Shetland. By English observers, an invariable pendulum of (23S-) 
(23T.) Jbam Charles Boeda, who was bom in 1733 and the form of a flat bar, provided with a bob or weight, a^^-J^^^ 
Bordi in- jjg^ jji jygg^ yifg devoted to the promotion of the has usually been preferred, and on the whole It ap- 
matludof B^i^^t Bcdences, and contributed in an emla^td^free pears to be more satisfactory. Snch a pendulum, 
making to the preciflioD attained in physics and astronomy after being compared witli an astronomical clock at 
fun. towards the dose of the last oentury. The name c^ Greenwich, or any other place of reference, is taken 
Borda deserves a record in the history of science, to difierent stations and its rate of vibration deter- 
since it has been said of him, by no less an authority mined, and it is then brought back and compared once 
than Dr Young, that " he seems to harve possessed a more at the point of starting. Important series of 
eonsiderable share of that natural tact and sagacity observations of this kind have been made by Colonel 
which was so remarkable in Newton." His earlier Sabine and Captain Foster, and also by Admiral Du- 
researches were connected with hydrodynamics, and perrey. 

the resisted motion of [vojectiles j in later years he But the two individuals who have most studied jj^j^yj, 

was diiefly devoted to prac^cal astronomy and geo- the practical determination of the length of the so- uui tJan- 

desy. The portable repeating circle invented by him conds pendulum as a mechanical problem, ore Kater lata m«^ 

InplacB ' CUiraat (bMldCa giring ■ theorem which, in &» cue of an ellipeoid, ooiuiecU the polar comprenioa with the increu« of 

and Mr gravity there) ihowed thai the iDcreue of ths force of gravity from the equKtor will vary aa the iqnare of the line of the lati- 
Stokn on tude. Thli be proved to ba true when the ■pheniid is homogeneoiia, or when it !■ eompoaed of ■imilar concentric layen of 
the eirth'i varying deiulty. Laplace confirmed ttu reaait by a different anriyaii, uid ftrther ihowed, that if the earth b« compoaed of con- 
attncllou, centric itrata which are levereJly bomc^eneoua, and nearly ipharicai, but otherwiu arbitrary la form, and if the luVfaca be that 
of a fluid in equilibrium (ai it practically is when wa refer the earth 'a figure to the aea-iavel), there eiiits a necesiarj connectioo 
between gravity and the superfldal figure, which, in the cue of an ellipaoi^of revolution, Iceda to the same relation of the aquare 
of the line of Uie latitude. In thli can, aiao, the strata are presumed to be concentric. Bat in a recent and remarkable paper 
by Prafeaaor Stokea, it ia shown that the law conuecUng the forceof gravity and the figure of equUibrinm atill holds whan no hypo- 
thesis whatever Is made a« to the distribution of the matter within the earth, provided always that it becoaaistent with the obaerved 
fact of the ellipaoidal figure of the earth'i fluid covering. Thuathe confirmation, by means of pendulum eiperiments, of Ciairaut's 
Theoremi cannot be regarded aa a proof of the concentric arrangement of the strata, nor (ao far) of the primitive fluidity of 
tbe earth. See Cai»ibridgi Trainaeturtu, vol. vili. ; and for a simpler proof, CaaJiridgt and Ditilin Math. Journal, vol. iv. p. ISl. 
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and Baily. As regards the determination of tbe of a perlectly sound and unintermpted state of health 

Earth's figure, the relative length of a pendnlum vi- until his 70th year. His intellect partook of the 

hratisg seconds in diflerent latitudes is all that is re- equable tone of his bodily poirers. Method, and aoudebuu- 

quired; but the abtolute length in a given place is ardour which, instead of acting by impulses, seemed *"- 

necessary fur finding the force of gravity there ex- inexhaustible and unvaried, were the secrets of his 

pressed by the acceleration of falling bodies in vacuo success. Mr Saily never vras hurried, and he never 

in one second ; and as the British standard yard was was unemployed. He had always leisure to encourage 

at that time made to depend on the length of the pen- men of like tastes, and he was never unwilling to learn 

dnlum vibrating seconds at London, this enquiry was from anyone who had knowledge to communicate, 

mizedup with the intricate one of National Standard To do one thing at a time was his first principle. 

Measures. When thoroughly accomplished, it was completely put 

(S40.) Captain HensyKatrr was a person of remarkable aside, and a fresh subject undertaken. Whether an 

£|^f mechanical skill and ingenuity, and his numerous pa- experiment or a calculation was found to require a 

persin the Philosophical Transactions, between 1813 month or three years, it was pursued to a sucoessfnl 

and 1828, refer chiefly to the accurate construction completion, without stint or grudging. No amount 

anduseof thePendulnm, theBalance, andcertainAs- of contrariety and failure in such matters was ever 

tronomical Instruments. He fint applied to pradjcal known to ruffle his temper, or to make his persever- 

use the beautiful theorem of Huygens respecting the ance falter, 
convertibility of the Centres of Oscillation and Sus- Francis Baily was known, in the first place, as the (**3.) 

hiioon- pension of the pendulum. A metalhc bar pendulum founder (in 182U) of the Astronomical Sotaety of^i^.t,^ 

Tarttbia was provided with two parallel knife-edges facing op- London, an institutioD of signal utility, which has nomlol 

P* posite ways, and upon either of which it might be ever since been condncted with great judgment and 8od«^. 

swung. They were so arranged that when either was success. His accurate knowledge of past and current 

used as the point of suspension, the other nearly re- astronomical history, and his personal acquaintance 

presented the centre of oscillation, and by means of with most European astronomers, enabled him to 

a small adjustable weight, this condition might l>e ac- conduct its afhirs with great advantage, 
curatety fulfilled; in which case (by Huygens' princi- Amongst his other acquirements, he studied his- (24*.) 

ple)the distance between the knife-edges corresponded tory and chronology with his customary precision. A '*!"** 

accurately to the length of an equivalent simple pen- very able paper on the date of the celebrated Eclipse ^ j S'^^ 

dulum. This el^ant application was farther tested of Thales was his earliest scientific publication,' and CaUlt^aa*. 

by Mr Baily, but it was found liable to serious prac- the literature and phenomena of solar eclipses occu- 

tical objections. Baily dispensed with the sliding piedhisparticular attention ever afterwards- His ac- 

weight, and rendered the pendulom invariable : the counts of tbe Eclipse of 1820, of the Annular Eclipse 

distance of the knife-edges was adjusted by grinding, of 183G, which he observedat Jedburgh, and theTotal 

(Sil.) To Katerwe owe the invention of the floating Col- Eclipse of 1842, with its marvellous revelation of the 

limator, for ascertaining the accurate zero or level rose-coloured protuberances of the solar atmosphere, 

points of divided astronomical instruments. The op- ore among the most interesting and classical of his 

tical principle on which it depends is a very beau- writings. He promoted greatly the fonnatioo and 

tiful one, and the invention of Kater, with several publication of accurate Star CabJognes, and he in- 

improvements in point of form, has become the auxi- vented, independently of Bessel, constant ntimbers 

liary of nearly every observatory in the world. It is for facilitating the c^culation of Precession, Hnta- 

one of those small but happy improvements which tion, and Aberration, as affecting the places of parti- 

aSect materially the progress of Science. cular stars. He also published a most useful coUec- 

(243.) FRANCisBAiLi,whowasboni2dthAprill774,and tion of Astronomical Tables and Formuls, and an 

Frucli who died 30th August 1844, was an instance of a elaborate and very curious life of Flamsteed. 

' * person not endowed with extraordinary talents, yet of I shall now proceed to notice his experiments on (^**') 

hia aarly singular use in his generation. Those who knew Mr the Pendulum, which are more particularly connected 

Uatury Baily personally, and what he accomplished for Astro- with the present section. 

nomy, are best aware how rare and yet how estimable Mr Baily's most important observations were ""dX?*?"'^ 

are such qualifications as his. Bom of parents of a a correction of the motion of a pendulum long mis- penj^nm 

middle rank of life, educated at a country school, and understood. The corrections usually admitted were obwrvan 

ot an early age thrown into the vortex of commer- the following: — 1. For temperature altenng the"™** 

cial life in the city of London, no probability could length of the pendulum. 2. For the height of the 

have appeared more remote than that he should ac- station above the level of the sea. Dr Young showed 

quire the respect of even the most accomplished As- that this correction was commonly overrated, owing 

tronomers by his scientific acquirements and perform- to the sensible amount of the attraction of the ele- 

onces. He enjoyed the advantage, in the first place, rated land on which the experiment is made. 3. For 

I FMl. Trail*. 1811. 
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tbe air's buoyancy. The mere resistance of the air ter's is by much the most ext«nsire. Mr Baily's re- The CiTen. 
to the motion of the pendulum may be shown to faro- petition of Cavendiah's experiment for determining''.''''"'**" 
dnce opposite and compensating effects in the descend- the earth's density, has beeh mentioned in a previous 
ing and ascending semi-vibrations : but the presence section, 
of air, as of any other fluid, diminishes the total ef- 
fect of gravity on the bob, and that iu a degree de- In conclnsion of the subject of the figure of the (!*90 
pending on the density of the air or atmospheric earth deduced from observation I shall now briefly ''jj^"^^ 
pressure. But besides this obvious " reduction to a refer to the results of geodetical measures more re- m«uure«: 
Tacuum," it appears that tbe air acts also in a dif- cent than those noticed in the first sectdon of this —Colonel 
ferent way. Owing to its inertia and cohesion a chapter, which comprehended the great French arc. ^*'^'~ 
portion of air is shoved along with the pendulum, In a matter so much of detail, which will be bct- 
or otherwise put in motion by it, and the force ter appreciated from special articles in the Etieyelo' 
thus spent in moving air is not compensated during 'pcedia, I shall best fulfil the ends of this discourse, 
Radaetinn the two semi-vibrationB. This efiect was clearly as- by merely directing attention to the two most con- 
*" ' **' oertained and measured by Dnbuat about 1786, aud spicuous and important of these measurements of 
deftcribedintbesecondBditionofhia"Pr)itcipesd'Hy- the earth, one in India, the other in central and 
draulique ;" but it appears to have been totally an- northern Europe ; the first directed by Colonel Eve- 
observed by his own countrymen and others, who rest, the second by M. Sthuve, the eminent astrono- 
(like Borda) were soon after actively engaged with the mer of Pulkowa. 

same subject. The efiect was experimentally re-dis- The measurement of aa arc of the meridian in Iu- (SSO.) 

covered by Bessel, and mode the subject of an admi- dia by Colonel Lamhton in tbe early part of this cen<^*^^"*" 

rable leries of experiments by Bmly, which were pub- tury, has been mentioned in a former part of this ^.^t'l In- 

listed in the Philosophical Transactions for 1632. Dissertation, as well as in Sir John Leslie's. Butits diia iro. 

He vibrated pendulums of different forms in vacuo value has been prodigiously increased by tiie exten- 

and in air (as Colonel Sabine had done to a more sion of the same by Colonel Everest, who was at one 

limited extent shortly before), and he ascertained the time the principal assistant and coadjutor of Colonel 

corrected " reduction to a vacuum" to be in many in- Lamhton. Thearcof Lambton,extendinglrom Punna 

stances double of the old correction, and to depend (Lat. 8° 9* 35") to Damargida (Lat. 18° 3' 16^), was 

materially on tbe form and density of the pendulum, measured afCer the model of the English trigonome- 

It even appeared that when a convertible pendulum trical survey, by means of a 100-feet steel chain for 

is swung in two positions in the manner of Kater, tbe base, a 3-feet theodolite for tbe azimuths, and a 

the correction is difierent in the two cases, owing to 5-feet zenith sector for latitudes. Colonel Everest 

the want of symmetry, so that a pendulum convert- pursued the triangnlation in a northerly direction for 

ible ID air of a given density is not convertible tn vo- some years after the death of Lambton in 1823; 

OHO, nor vice wr$a. but losing his health, and being forced to return to 

(S47.) Bessel and Baily agree in imputing the eflect to Europe, be was provided, by the princely munificence 

InTMti- the clinging of a mass of air to the metallic pendu- of the East India Company, with an entirely new set 

SmhI ud ^*""' ^^^^ rendering it in effect a pendulum of much of instruments, and with two able assistants, Cap- 

otlig,^ less density, for which the ordinary correction for tains Wangh and Benny. 

bnoyancy will have to be increased. This view ia He resumed operations in 1832, which were con- <!''l.) 
probably rather a popular than an exact expression of tinned antil 1840, and included an entirely n^^ondu' 
the fact, and the correction need not be always pro- measurement of an arc extending from Damargida, which it 
portional to that of buoyancy. Poisson has treated where Lambton'a arc terminated, to Kaliana (Lat. wm aie- 
Me BtokM. the question mathematically, and Professor Stokes 29° 3(y 48"), a space of 797 miles, covering an arc '"'^™* 
has recently resumed the whole subject, both matbe- of 1 1° 27' 33". The latest geodetical improvements 
matically and practically, and considers that he has were introduced. The bases were measured by Ge- 
arrived at precise mathematical results in several neral Colby's compensating bars, in which the efiect 
cases. The resnlt may probably be a revival of inte- of temperature is self-corrected. The signals from 
rest in pendulum observations, which has manifestly station to station were made during the day by be- 
very much declined since the existence of this irr^u- liotropes reflecting the solar ray parallel to the sides 
larity has been fully established, and the incompe- of the triangles to be measured. The azimuths were 
tency of existing rules for " reduction to a vacuum" determined by a 3-feet theodolite of Trougbton, in 
clearly shown. addition to that of Carey used by Lambton ; tbe 
(248.) In 1833, Baity deduced from the very elaborate astronomical observations were made with two circles 
'^*^' ** experiments of Captain Foster in both hemispheres of large dimensions. Tbe diihculties and annoyances 
k BFis ^°^ ^^ eartii's compression. Colonel Sabine bad experienced in conducting so vast a work, requiring 
fouud it j~jj from his own observations. The French such excessive accuracy, in so remote a situation, 
and Russian observers concur in obtaining a result can only be judged of by referring to Colonel Eve- 
sen sib! y greater. Oftbeae experiments, Captain Fos- rest's graphic details contained in his elaborate ac- 
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oonnt of it, pnbltalied at th« East India Companj's tending over dead flats liave, in the umtheni part of 

expeoM in 1847. The beats and the rains, the the arc (as in India), ooeasioned great diffica1ti«s, and 

diUl opake atmosphere of the Doab, with its boiuid- compelled the erection of numerous temporarj stroo- 

less and densely- wooded flats, the jungle fever and lures to overlook the cotintrj. In the north the 

the wild animals, were natural luipcdimeiits enough, extraordinary refractions have, as uinal, created some 

But Colonel Everest, whose conscientious anxiety dilHculties. Ten different base lines, all at a small 

readied almost a nervous pitch, seems not to have height above the sea, form part of the operationB. 

been satisfied with any one instrument which the It is a very satisfactory drcmnstance, that by the 

mechanidans of London could produce ; but to care of M. Struve and Mr Airy, tlie standanls of 

have metamorphosed most of them, partly with his length used in the Indian and Russian arcs have 

own bands, partly by native aid. It says mncb for been directly compared. 

his ability in this respect, that the results appear The calculation of the figure of the earth ftom the (356.) 

entitled to compete with alt the most exquisite of the completed Russian arc, in combination with o^ers, ('■"""l >«■ 

kind in Europe. His bases, for instance, about T^ has not yet been made, but it is believed that ^t^^'^^^i^ 

miles in leng^, when cheeked by intermediate trian- will indicate an ellipticity somewhat greater than eiiipticit; 

gulation above 400 miles in extent, differed in one that generally received. The results obtained by Co- f">^ e^'>^ 

instance by 4, in another by 7 inches from the pri- lonel Everest, on the other hand, by comparing his'^**'' 

mary measurement. The whole extent of Lambton's are with those <^ Europe, give generally small ellip- 

and Colonel Eveivst's operations includes a continu- ticities, that is under ^if,. The Erendi and Indian 

ous arc of 21" 21' (1477 miles), by fer the greatest arcs, for instance, give ,},. Now Mr Airy had de- 

at that time executed. duced 20 years ago from the beat existing observs. 

(SSS.) I* >B indeed only rivalled in this respect by a vast tions riv '> Bessel, a few years later, obtained the al- 

BoMiu arc operation very lately executed in Russia and other most identical result of rivi *^^ Schmidt of ,} [. 

^^J^' northern .countries of Europe, by which on arc of 25° The delenninatiouB by means of the pendulum are uid fran 

20', extending &om the banks of the Danube to the somewhat larger. The extensive observations of Co-pwduitun 

shores of the Arctio Sea, near the North Cape, has lonel Sabine and Captain Foster concur in giving *'^^' 

been measured under the general snperintendenoe an ellipticity of ^^^ ; but the Froich experiments by 

and direction of that able astronomer M. Struve, Duperrey and Freycinet lead to a result considerably 

whose meritorious laboure in other departments of greater. The discrepancy between the geodetical and 

astronomy will be spedBed in a succeeding section, pendulum results may of course be a real one de- 

The results are still incomplete, though the opera- pending on local variations of density. The astro- 

tions in the field were happily concluded just in time nomical determination from the lunar inequalities, 

to [Movent their total frustration by the unhappy war which might be expected to concur with the results 

in which Russia has since engaged. of the pendulum, gives (as we have seen in the ehi^ 

(393.) The arcs of India and t^ Russia include a space ter on Physical Astronomy, Art. 63) ^J^ '^'- ' mean, 
lu (itent. f^Qj Ij^ 3° ^g Ijh^ yi"^ „|t}, ^ exception of only I regret that my limits do not permit me to speak (SS7.) 

about sixteen degrees, and are unquestionably the of tbe measure of degrees of longitude or arcs of pa*'^"''^*^ 

most important which exist for tlie determination of rallel, as another test of the earth's figure. The re- r*^ 

the earth's figure. When to them we add the French sulta, however, cannot compete in point of certainty 

arc of 12° 22' in a medium latitude, it will scarcely with those from arcs of the meridian. It may be s»- 

be necessary to take into account any other, at least tisfactory to add, that the British arc of parallel frosa 

for the Northern Hemisphere. Greenwich to Valentia (west coast of Ireland) seo- 

(SM.) The following brief details of the Russian are are sibly accords with the earth's figure ohtoinod inde- 

taken from the provisional report of M. Struve(1852), penduitly. 
(2(16.) The southern extremity of the Busso-Scandinavian 
1?*'^'' "^ arc is Ismail on the Danube (Lat. 46° 20'), the north- In connection with the subject of the pendulnm (SSS.) 

Scandlok- em extremity is Fuglenaes on the island of Qualoe treated in the earlier part of this section, I shall here ^- ^f^' 

vias Arc in Finnmarken (Lat. 70° 40'). The interval from mention a very rranarkable experimental observatiwi ^^j^^ ^^ 

Ttmieato Fuglenaes (4''4E>') was measured bySwedish ooromunicated to the Paris Academy of Sciences, on periment, 

and Norwegian engineers; all the remainder by those the 3d February 1851, by M. L6on Foucault, to 

of Russia, and, in particular, by M. Von Tenner, who, whom we also owe some ingenious experiments on 

with M. Struve, has since 1816 directed the whole the velocity cf light. It is not indeed connected with 

operation. The whole line is remarkablyfreefrom con- the determination of the earth's figure, but it has a 

siderable inequalities of ground, and from mountain connection with astronomy, inasmuch as it affords the 

ranges, so that local attractions are probably incon- most remarkable and direct proof of the earth's rota- 

siderable.' On the other hand, extensive forests ex- tion round its axis. 

1 In India, on the coatrar;, tbs local Mtrkctioni of tha Ilimalaja moat be Terj Huibie ; indscd Hr Pratt bu calculated tbem 
to be n Donilderable, aa to hare glvan rise to a curioiu ipeculBClOD by Hr Ai^ B« to the cirenmitance* wbich may Mad M 
diminiih tbe attraction of mouDtaln ruigM.—{PhU.Trani. IBSS.) 
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(S89.) Suppose a considerable weight anspended by a wire 
damon- of regular elasticity from a fixed point or stand con- 
^?8^'nected firmly with the gronnd; and let us first ima- 
tttliui. gi°^ ^^^ place of the experiment to be exactly over 
the North Pole. Let the wire pendulum be swung 
so as to coincide with the plane of the meridian of 
London. As the earth rotates, the wire and the ball 
mast evidently rotate too. But the motion of the 
mass originally impressed parallel to a given plane 
will continne in that plane, and consequently the 
planeof motion will coincide in the course of 12 hours 
with every meridian in succession, and the apparent 
rotation will be entirely completed in a uniform man- 
ner in 24 hours. In any other latitude than 90°, 
bat greater than 0°, a continnons and regular appa- 
rent change of motion must also occur, since a me- 
ridian of the globe does not preserve its parallelism 
dnring diurnal motion, excepting only at the equator; 
consequently, at all pomts of the earth's aurfkce, ex- 
cept at the eqnator, the plane of motion of the pendu- 
lum will vary uniformly in azimuth — quicker, how- 
ever, in high than in low latitudes. To find this 
velocity, it is only necessary to decompose the rota- 
tion of the earth round its axis into two, one of which 
^ (which is alone effective) is round the vertical of the 

place of observation. The apparent angular motion 
ia thns proportional to the sine of the angle of lati- 
tude. Thus, in an hour, it is 16° x sine lat. 



M. Foacault'a experiment was made, in the first in- (sso.) 
stance, with a pendulum of steel wire from -03 to -05 CoTecttons 
inch in diameter, bearing a ball of 12 pounds weight, ^^^^ 
It is desirable to make the pendnlum vibrate in small 
arcs, in consequence of the tendency to ellipticity in 
the vibrations, which is necessarily accompanied by a 
rotation of the major axis of the ellipse, which might 
easily be mistaken for the influence of the earth's 
motion. To take account of this disturbing force, 
we have only to measure accurately the greater and 
less axes of the ellipse described. Then a revolutitm 
of the apsides (from this cause only) will be per- 
formed in a time which will be found by multiply- 
ing the time of a doubU vibration of the pendulum 
by 8 times the tqnare of the length of th« jieitduium, 
divided by 3 timet the prodaet of tht two axet of the 
eUipse. This formula is due to Mr Airy. The theory 
of M, Foncault'a beautiful experiment has been 
verified by numerous experiments in different la- 
Very recently the theory of the moti<m of a pen- (Ml.) 
dulum suspended by a thread ot wire has been con- j" ^ju'^ 
sidered in the most general manner by M. Hansen, g^tedbylf. 
the physical astronomer, with reference to the earth's Uuueu. 
motion.' It ia an intiicate problem of analytical 
mechanics. But the results show, as might have been 
anticipated, that all the tentible results are those whidi 
the geometrical treatment of the question indicate. 



S 5. M. Ekcke. Cometary Astronomy — Periodio ComeU of Halley and Eneke. GAmkWi'aand 
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SBLL — Newly discovered Satellites. Mr Bond. 



(262.) PaoFBaaOB Jokann Franz Encke, Director of the 
J'"'^'**' Obaorvatory of Berlin, is one of the most eminent 
Pariodic Physical and practical aatronomers of the present day, 
Coaiati. The author of many valuable obaervations and im- 
portant memoirs, he is beat known by those which 
are connected with the motions and theory of Comets. 
I shall therefore devote this section to an abstract of 
the pn^ess of this interesting aubject, and more 
particularly of M. Encbe'a discoTerics and specula- 
tions. I must premise, however, that, easy and 
agreeable as it would he to introduce here a detailed 
essay on Cometary Astronomy, the design and extent 
of thia discourse alike forbid it, and at the cost of 
some self-denial, I will endeavour to confine myself 
entirely to what ia most new and characteristic in the 
Cometary history of later years. 
(2S8.) Hailey'f Comet.- — Before proceeding to describe 
^""y"' the remarkable comet especially connected with the 
Mriod 76 name of Enckb, it will be proper to resume the his- 
yeuw. tory of Halley's Comet where it haa been left off by 
Sir John Leslie in hia Dissertation. That (!k>met — 
the comet of 1682 — must ever remain memorable, 
perhaps the most so of its class, as being the first 



whose return was confidently predicted, in firm reli- 
ance on the Newtonian Theory of Gravity. Halley's 
announcement — grounded not on vague analt^es, 
but on laborious computations — that it would reap- 
pear early in 1769, was realized almost to the letter ; Its raturn 
and Clairaut, whose surprising analytical ability often '" '^"8. 
left but little to his successors to accomplish, calcu- 
lated the perturbations with an accuracy which even 
the present state of physical astronomy haa hardly 
exceeded. Indeed no general method for calculating 
perturbations in highly elliptic orbits ia aa yet in use, 
and though the methods of Clairaut have been super- 
seded by those of Lagrange and Besael and Lever- 
rier, the summation of the eSecta by the method of 
" quadraturea" ia always naed, — the periodic time of 
the comet being divided into short intervala through- 
out which the elements are conaidered invariable, and 
during which the configurations and perturbing effects 
of the principal planets are computed with much 
labour. 

The chief improvement in the calculation of per- (2M-) 
turbationa is the iiitroduction by Lagrange of the cele- 
brated method of the Variation of the dements (44.) 



1 Tlwori* d«r Pendelbewegnng. Duttiig, 1863. 
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ItipartDT- His sncoesaors have distinguished themselves chiefly 
""•" by the praiseworthy minuteness and extent of their 
by *ariDiu Calculations, which are amongst the most laborious, 
utroDo- if not indeed the moat laborious, which occur in Phy- 
•*"•• sical Astronomy. The computers who calculated 

the return of Halley's Comet in 1835 were four in 
number, MM. Bamoiseau, Pontecoulant, Lehmaon, 
and Rosenherger. Their memoirs are all considered 
by competent judges to be excellent, but especially 
that of Bosenberger, who calculated more fully than 
the others the perturbations from 1682 to 1759, and 
who has introduced a theoretical correction of some 
importance. Some idea of the extent of these calcu- 
lations may be formed from the fact, that in some 
parts of the orbit the Elements were made to vary 
fbr intervals of only two days. The Comet of Halley 
was rediscovered at Rome on the 6th August 1835, 
in the Jesuits' College. Tbe error of Rosenber- 
ger's Ephemeris was only teuen minutes of arc, and 
the perihelion passage took place on the 16th No- 
vember (civil reckoning), five days after the predicted 
time, fiessel states the remarkable fact, that the coin* 
ddence ofthe comet's pathwith the results of previous 
calculadon is as close as the use of live-place loga- 
rithms in computing the perturbations would permit. 
All this is very creditable to the state of Astronomy ; 
still it is infinitely less remarkable than Clairaofs 
approximation, only a little less close, made 77 years 
before. It is a matter of regret that neither in the 
matter of this comet, nor In any other point of theory 
oonnected with Cometary movements, have our coun- 
trymen made any considerable advance since the time 
of Halley. 
iJ^f' "** ''' ™*''"> •" 1836, this Comet was watched 

InlSSS. ™''''' ^^7 1836, and in the course of its long visibi- 
lity was made the subject of minute and admirable 
telescopic researches, by Bessel in Europe, and by 
Sir John Herschel at the Cape of Good Hope. Their 
observations strictly confirmed a remark of M, Valz, 
that the Tails of Comets, though evidently generated 
under the influence of the neighbourhood of the Sun, 
yet commonly disappear at the period of closest ap- 
proach. This, at least, was the case with Halley's 
Comet. The tail began to grow on the 2d October, 
two months afler its discovery, and diminished after 
the 15th (a month before perihelion). The cometre- 
appeared in the end of January without any vestige of 
ft tail, and then dilated in absolute hulk with in- 
credible quickness. £ut before its final disappear- 
ance, on tbe Gth May, the tail is supposed to have 
ItipMnliarijeen reabsorbed into the nucleus, which presented 
ftatuTM. then a uniform circular outline. The evolution of 
tbe highly-expansible luminous matter of the tail 
took place from the nucleus in luminous fan-like 
jets, directed on the whole towardi the Sun, and 
issuing on the side of the Comet exposed to that 
body. The jets had a vibratory motion. The tail 



{directed /rom the Sun) was formed by the abrupt 
inflexion of these effluent jets, in a manner resem- 
bling electrical repulsion ; and Sir John Herschel has 
not hesitated to ascribe the phenomenon to the com- 
bination of a repulsive force as respects the Sun, 
("of anenei^ very far exceeding the gravitating force 
towards that luminary") with "apeculiar and highly 
energetic attraction to the nucleus, differing from, 
and exceptional to, the ordinary power of gravita- 
tion.''' The opinion that polar forces resembling 
magnetism or electricity are necessary to explain the 
phenomena of Comets, baa been for some time cur* 
rent in Crermany, and received, I believe, the coun- 
tenance of Bessel. That there exist in the movements 
of these bodies anomalies so great as to render the 
sulficiency and completeness of the Theory of Gravity 
suspected by such high authorities, makes the state- 
ment of them very important, though I confess a 
great reluctance to share in the conclusion. 

I shall terminate this notice of Halley's Comet f*^-) _ 
with a table of the dates of its probable perihelion j^^,^ *" 
passages, according to M, Laugier and Mr Hiad.' 
Tbe earlier appearances are deduced from the Chinese 
Annals; — 





InUmL 


Dmte. 


JOfTTtL 


0. 1160 


Ytttt. 




T«ri. 




77-87 




77-49 


O. 660T 




*.». 989-70 






7JSI7 




76'6S 


141-2* 




1066'2S 






77-02 




780S 


218-38 




114a30 






76-90 




78-22 


S95-a5 




122392 






7B-Bfl 




78 29 


37384 




1301-81 






77-e6 




7704 


4ai-so 




137885 






79-34 




77-69 


S30-84' 




1456-44 






T7M 




76-21 


603-80 




1S31-6S (0. 


»■) 




76-00 




76-14 


684-90 




1607-82 (H. 


s.) 




76-64 




74>88 


760-44 




1692-70 






76-82 




76-49 


837-36 




1760-19 






74-99 




76-68 


912-2S 




1835-87 





The di^rences in the above periods are attributed to 
the effects of perturbation. The extreme distance of 
the Comet's path from the Sun is 35^ times the ra< 
dius of the Earth's orbit, which is only one-sixth part 
greater than the distance of Neptune, and theretbre 
nearly within the reo^ized limits of the planetary 
system. 

Comet of Enck». — Next in interest to the Comet C^^-) 
of Halley is that discovered by Pons of Marseilles ^"J^***" 
in November 1819, which was first suspected, then 
proved by Professor Encke, to revolve in an elliptic 
orbit of short period (considerably interior, in fact. 
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to tbe arUt of Jnpiter), and made the enbject by another part of the world at «o«r}/ reuolution; — 

him of a series of iuTesti^ationa altogether peculiar, namely, in 1826, 1828, 1832, 1836, 1838, 1842,Iti ipp»- 

On this account it bears the name of Encke, instead 1816, 1848, and 1862 ; bo that the Comet has been '''"°^ 

of that of its discoverer Pons, although M. Encte observed at fourteen (not all consecutive) returns, 
himself, with unaffected modesty, always describes it The complete establishment of the existence and pe- (^TO.) 

as the Comet of Pons. riodicity ofacomet,quite in the interior of the planet- ,,J^^^ 

-Jl^^' Newton gave, in the iVinet'^Ma, his celebrated so- ary system (its greatest distance &om the Sun bung uod 

orbiu^ lution of the problem of determining a Comet's orbit four times the Earth's distance, and its least distance 

riradfhnii assumed to be parabolic, from three geocentric places, but one-third of the Barth's), was a discovery in itself 

obMm- [Fliis solution has been simplified and improved by highly interesting. But something yet remained be- 

^^"^ L^^range and Boscovich, and also by Olbers. La- hind. Professor Encke, in comparing the earlier with 

place gave a method for an elliptic orbit, which may the later apparitions of the Comet, detected a gradod 

represent auy number of observations. Gauss, in acceleration of its movement, which amounted be- 

his TAsorto Mot4i Corporum CtUitiam, treated the tween 1786 and 1838, to 1-8 days, on a period of about 

■nbject with great skill and generality. I am unable 1211 days; being about 2^ Aours per revolution, 

to- state who first attempted to discriminate an ellip- Whatever may be tbe cause of this, the /act is undis- 

tic from B parabolic coraetary orbit, or to determine puted, even by Bessel, who was indisposed to accept 

the period in the former from observations at oacap- M.Encke's explanation. This fact, it will be observed, 

pari tion only. It is evident that such outstanding is unt^tM in Astronomy. The major axis and periodic 

di^rences as are irreconcilable with a parabolic times of the planets and satellites have, as we have 

orbit, will be most perceptible in the case of comets seen in the chapter on Physical Astronomy, no seen- 

whose orbits have a tolerably short major axis, or lar variation. Tbe moon's apparent acceleration has 

whose period is not very great, and will be mate- been otherwise accounted for. U. Encke at once, *t^t>ut*d 

rially increased by watching a comet through a con- and at an early period, attributed the acceleration '>f^'^'*'*** 

siderable part of its orbit, which the assiduous appli- the Comet's mean motion to the effect of a slightly difm. 

cation of telescopes to every part of the heavens has resisting medium, insensible in the case of tbe planets, 

of late years rendered much more frequent than for- partly owing to their incomparably greater density (for 

merly. Amongst others, Bessel, who has signalized this Comet appears to be one of the most loosely ag- 

himaelf by a capital performance in this, as in every gregated bodies known, being transparent to its very 

other department of Astronomy, applied rigorous me- centre); and also, to the circnmstonce, that the density 

thodsto determine the orbitsofthecometsof 1807 and of the ether or resisting medium is assumed todimi- 

1816 ; the latter of which will very probably return nisb rapidly at a distance &om tbe Sun. M. Encke 

to its perihelion in 1687> It is undeniable, however, supposes it to decrease in density with the square of 

that expert calculators have often been deceived in the distance, and only to o^ct the Comet sensibly 

assigning orbits, even when believed to be of short within 25 days preceiling or following its perihelion, 

period, founded upon a single apparition. That the e^t of resistance is to accelerate the return 

(269.) M, Encke, however, was more fortunate in the case of the Comet is evident, by considering that the pro- 

KKncke'i of the first cometofl819. Using the methods of jectile force becoming gradually extinguished, the 

^^^^ ** Gauss, he showed that an Elliptic Orbit of about 3^ Sun's attraction must be more available to pull the 

eomet of years must be admitted, and that the comet had pro- body inwards at each revolution, thus shortening tbe 

1B19— pa- bably been already observed in 1786, by M^chain, in major axis of the ellipse, and diminishing the time. 
[J^i 1795 by Miss Herschel,^ and in ISOfi by Pons. He In order satisfactorily to arrive at any such con- (371.) 

investigated with great labour the efiects of the planet- elusion, it was of course necessary to estimate with 2"*"^^ 

ary perturbations on this body, which, in the case of great accuracy tbe perturbing e&cts of the planets aneke'i 

Jupiter, are occasionally very large, if that planet be on tbe Comet's motion ; and it is not a little curious coiDat tp- 

in the part of its orbit near tho aphelion position of and sadsfactory, that tlie movements of this insigni- ^!]^,^^ 

tbe comet, when it approaches the orbit of Jupiter, ficant erratic body should have occasioned a ^^^muesof 

The careful calculations of M. Encke for the next re- rial rectification of the masses of two of the Planets. Harenrj 

turn in 1822 were verified by the observations of Sir M. Encke very eariy suspected that the recmved "* '"P'- 

Thomas Brisbane, at thnt time fortunately governor mass of Jupiter was too small, a fact clearly esta- ' 

of New South Wales, whei« he had, with character- blished afterwards by Mr Airy ; and in 1838 M. Encke 

istic liberality, founded an Observatory. Since then, showed that the mass of Mercury (which, not having 

this body, insignificant in its physical appearance a satellite, was little more than guessed at previously) 

(being to all appearance a small cloud of vapour had been assumed nearly three tima too great by La- 

withont a solid nucleus), hos been detected in one or grange, Theperiheliouc^the Comet approaches much 

mm CkTO- * CBraliDB Lucretia Benchel, liitar of Sir William and aunt of Sir John Hariclial, dMCmj a paMlng notice, not Only ai tba 
Una Har. '"^apaniiaiit diMoverar of tifkt eometa (of irhleh five wen flnt u«d bj har), bat ai the lodefkUgable and Intelligent antilant of 
f^l^ Kr William Qenchel daring the biuiait yean of bi) life. For thii aervice King Gsorga III., carrying out biiJudiciauaUbanli^ 

to h«r brother, granted her a imall panHoii. She died it Hanot er Stb Janoary 1S48, aged B7. 
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more nearlj to the orbit of Hercnry thm the apbelioD sicol utronomer, hoverfr, that he will be pnDapally 

does to that of Jupiter ; conaeqaently at times the remembered. Besides his adminble iiiTestigatioiu 

perturbatioiu due to the former planet may be Teiy oounected with the Comet, he improved the dieory of 

great, and though the giavitating mass of the Comet Vesta, and has very lately published a new HeUiod 

is utterly unknown, yet since the momentary direc of Computing Perturbations, especially for orbits oon- 

tioQ of its motion de^wnds solely on the ratio of the siderably elliptical. Neptune was discovered at his 

sttractiTe foree of the San and Mercury, its observed Obeerratory, by the assistant astronom«r, M. Galle. 

course gives the means of estimating that ratio.^ Gambarft and Bui<Ca Com4t. — Jxah Gaubari, (iTS.) 

(S7E.) The theory of a resisting medium was, on the whole, one of themOHtpromiimg astronomers in France, died*'"'^*^'* 

Vhiirjot well received, especiaUy in England, where some of of consumption at a comparatively early age, 1 believe J^^" * 

m^u^?t °^^ ^™* authorities gave it their adheiion. The then in 1836. He was director of the Observatory at Mar- 

altogathcr recent establishment of the Undulatory Theory of seilles, which, notwithstanding its yerj un&vourable 

tmionnblj Light, was thought by many to receive a confirmation position in the midst of the town, has acquired con- 

"'* *^' from this evidence of something material filling the siderable celebrity as regards the discovery and obvst- 

planetary spaces. In Germany the hypothesis of re- vation of Comets. Pons, by whom Encke's Comet was 

sistoRce received the complete oj^sition of fiessel's found, both in 180G and 1818, conducted the Ob- 

bigh authority ; who declared that " a hundred othw servatory ; but its mounting was as bad as its situo- 

reasous" might be found for the fact of the accelera^ tion , and Pone used despairingly to describe hie tele- 

tioB, which h* admit* to b» true. Encke, in reply, scope as rather partdytie than paraQaetie. To this 

reduces these 100 possible hypotheses to/our, of which crippled establishment M. Gambart succeeded, and by 

we shall mention only one, as seemingly important, his skill in managing his defective initruments, and 

namely, the forces exerted with so much intensity by his patience in sweeping for Comets, he discovered 

within the body of the Comet itself, as indicated by and subsequently computed the orbits of a number of 

the projection of the tail. But he observes, with great these bodies between 1822 and the period of his death. 

sagacity, that these forces, being apparently usually Gambart was highly esteemed, both by French and 

^cit«d in the line of the radios- vector joining the foreign Astronomers. Pons also deserves great credit 

Comet and the Sun, can hardly be supposed to adect for his extraordinary diligence in the discovery of 

the periodic time. It having also been objected that Comets, and M. Yalz, who still directs the Obser- 

Halley's Comet shows no trace of acceleration, but, if vatory of Marseilles has cultivated this and other 

anything, of the reverse, M. Encke truly says, that brandies of the science with success, 

its perihelion distance does not lie within die assumed Gambart'a most remarkable discovery was the pe- (377.) 

limits of the denser ether. riodicity of the first Comet of 1826, having detected Periodidtj 

(278.) Nevertheless, the theory of a resisting medium in that body independently at Marseilles, though it had '■■ ^1 T**"- 

■nd lUll space is not perhaps very popular, except in England, been observed some days previously in Bohemia, by 

"I"** Although M. de Humboldt appears to favour it, I Biela, an officer in the Anstrian service. It is most 

understand that the German astronomers in general usually called Biela's Comet, though it might with 

scarcely regard it as in any degree proved. equal right be termed Gambart's, who assigned its 

(S71.) ^et, if not tme, the cardinal fact remains unex- path and predicted its retnm. Clausen, about the 

plained. The anomalous phenomena of the Tails of same time with Gambart, assigned it a period of about 

Comets, considered by Herschel to be altogether inex- 7 years ; and it was identified with former appear- 

plicable by the law of grarity, demand the closest ances in 1772 and 1806-6. Its period thus appeared 

scrutiny ; and one con hardly help supposing that to be 2460 days, or 6} years ; its aphelion is a little 

the two diSicullies may be in dose connection. As exterior to Jupiter's orbit, and its perihelion is not 

the Newtonian law is now considered (since the dis- much within the Earth's. This Comet's orbit very 

covery of Neptune, and the latest corrections of the nearly intersects in one place the orbit of the Earth, 

Lunar Tables) to be abtcAutdy lufieitnt to account so that had the earth been one month forwarder in 

for everything connected with planetary motion, the its annual course in 1832, a collision would have 

Astronomy of Comets will be looked to with increas- taken place, or at least the Earth would have been 

ing interest, as likely to reveal some laws of nature enveloped in a cometary haze ; for it is difficult to " 

not otherwise to be detected. In this respect. Fro- imagine a eotlieion with a body whose tenuity is so 

fesaor Encke's labours are likely to be more and more eEcessire, that Sir John Herschel perceived through 

important in their results, its entire thickness (estimated at 60,000 miles) stars 

(S7S.) With reference to this very eminent astronomer, of the most excessive minuteness (16th or 17th mag- 

U. Encke ^e have only to add, that he has for a great many nitude] as seen by his 20-l«et r^ector. It is an in- 

^J^i"' years been at the h<»d of the Observatory at Berlin, teresting drcumstance, that the first predicted peri- 

and in that capacity has published an Astronomical heliou passage, in 1832, took place within *ome hour* 

Ephemeris of first-rate excellence. It is as a phy- of the time fixed by MM, Santini and Damoisean, 
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(278.> 
DIvlilon 
of the body 



(280.) 
Othar 
periodical 



thoi^lk tlie pertnrbatioiu of Jopiter w«n, aa vmal, 
large. 

Bi«l«*B Comet has been since recognised in 1846 
and 1662, bnt it was not seen in 1839. It does not 
t^pear to be admitted that it shows an; acoeleratioD 
doe to a resisting mediam. Its perihelion distance 
is, hotrerer, oonsideiable. 

At the apparition of 1846 an extraordinary cir- 
cnmstaace occnired. When discovered in the end 
of November 1845 it appeared roimd and single. 
On the 19th December it was observed by Mr Hind 
to be elongated, and ten days later was seen in Ame- 
riea (and soon aflw at Cambrid)^ and elsewhere) to 
bare dirided into two seemingly distinct nebnlone 
parts.' These continued to sulraist and move inde- 
pendently throughout the remainder of the appari- 
tion : tbe real distance of the centres being abont 
160,000 English miles. In 1662 the comet was 
rediscorered at Borne ; the divisioD into two still 
sabsistiag, but the intorval of separation being in- 
ereaaed about eight-fold. 

Besides the comets of Encke and Biela, there are 
several others which are suspected on good grounds 
to have periods of from 6^ to 7^ years, their aphelia 
all lying in tolerable proximity to the orbit of Ju- 
piter. Bnt among tbeee the return of only one has 
jet been verified by obeervation ; namely, the comet 
of Faye, which, after passing its perihelion 17th 
October 1843, returned to it 3d April 1861, within 
an hour of the time predicted by M. Leverrier, The 
motion of comets of short period seems to be inva- 
riably direct or oonformable to that of the planets. 
The inclination of their orbits to the Ecliptic is 
usually moderate. 

Great CamtU of 1811 and 1643.— The finest 
comets of the last hundred years were those of 1811 
and 1843. The former was observed for alengthof 
time altogether unusual, having be«i visible from 
Maroh 1811 to August 1812. There is pretty good 
reason to think that its period is not much less than 
3000 years. The comet of 1643 was even more 
splendid, but its flight was more rapid, and it was 
not &vourably seen in northern latitudes. It woe 
visible at many places in broad daylight when less 
tJuui 4° from the Sun, and at one time a tail 66° in 
length could be traced. The circumstance which 
distinguishes this eomot from all others which have 
been computed is the smnllness of its perihelion dis- 
tance, which was only T7Q of the radius of the Earth's 
orbit, or the comet approached the Sun's body within 
one-teomth of his radius. The solar disk then sub- 
tended an angle at the comet of 121^°, or the glare 
was equal to that of 47,000 suns as seen by us ! 
The hrat to which the comet was exposed is supposed 
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to have exceeded 24 times that eoneentrattd by onr 
most powerful buming-gtasBes by which even rock 
cryat^ has been fuaedJ 



Mr Hiwd. — Discovery of New Planeta. — We have (jgg,) 
spoken in a former section (161), of the discovery of DUcoTar; 
four small planets or asternds between the orbits of of ^w 
Mars and Jupiter. They were found between the years a'JJ^^ 
1801 and 1807. An interval of nearly forty years 
elapsed without any addition to the members of our 
system. In 1846 a new asteroid, Aatnea, was found 
by M. Hencke ; the following yearwas distinguished 
by the discovery of Neptune under unparalleled cir- 
cumstances ; and since 1847 every year, dovm to the 
present time (1866), has added to our knowledge of 
the group of asteroids. 

Among the discoverers of these |danetary bodies u y^ 
Mr Hind has been distinguished by fluent success, 
under circamBtanoea which appeared by no means 
peculiarly advantageous. Thu indefiitigaUe obser- 
ver uid compnter oommenced (I believe) his astrono- 
mical eareer as one of the assistants at Greenwich, 
and afterwards had the sole charge of the private ob- 
servatory of Mr Bishop, a wealthy citizen of London, 
together with the use of a fine refractor equatoreally 
mounted. It is within the R^ent's Park, dose to 
the smoke of the metropolis, that Mr Hind has di». 
covered a larger number of planetary bodies than 
any other person living. Next to him M. da Gas- '^ 
parie of Naples has been most successful. Unqnes- 
tionably the impulse towards these new discoveries 
has been given by the indefatigable industry of astro- 
nomers (principally those of Germany), in constructing 
minutely accurate star<maps. Mr Hind is also advan- 
tageously known by the discovery of several comets, 
and by his ingenious observations in sidereal astro- 
nomy, especially on variable stars. I shall hen 
give a table of the asteroids in the order of discovery 
as at present known (July 1856). 



1 Cam 


1801 J>n. 1 


Piuri. 


2 Pallu 


1602 Much 28 


Olben. 


3 Juno 


leoi Sept. 1 


HiiTding. 


i Vert> 


ISOT Ktreh 29 


Olben. 


Aitm* 


184B Dk. 8 


Hmcke. 


S Hebe 


1847 Joly 1 


. HMoke. 


7 Iris 


A»g.l8 


Hind. 


a Flora 


Oct. 18 


Rind. 


e H«tU 


laiS April SS 


Ontaam. 


10 Hy(el> 


1B49 April 18 


Deaaepvl*. 




ia« U&v 11 


DaQMurii. 


12 VlotorU 


8>pL13 


Hind. 


13 Egerla 


Hot. 3 


DeOMpwi*. 


14 Ir.D> 


18fil Ubt IB 


Hind. 


10 Eluiomlm 


Jalr20 


Daa*«p4rii. 


16 Pnche 


1882 M«ch 17 


DaOupuii. 


IT Thetii 


April IT 


Lother. 




Jon. 24 


Hind. 


IB Fortun* 


Aug. 23 


Hind. 



* A almilu pbencmenon la related by Beneea. See Qrant'e BiMory of Aivotamg, p. 302. 

• Beamany otbarlntareeUnsparticalanof thlicometlnair J.Hei«cbal'>OHt[fiMia/J(ln>iiMt)r,aTti. 989, &e. Baa alio In- 
taree^iqi detkUi on tbe nbjeet of cometi ganerally in Ur Hind'i and Ur Uilne'i worki on eomata, and in Mr Oiaot'i axocUent 
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Hind. 

DaQupwi*. 

CbsMrDM. 

LqUmt. 

Hlad. 

Harth.' 
Hind. 

QoldKbinldt 



(28*.) 
BnrBt- 



ChaoDTiuo. 



Mb L&biell. — yeui Swondary Plajtett. — ^MrLss- 
aell of Liverpool deserves a more leDgthened no- 
tice than onr limita will permit, not onl^ as a dis- 

1. tiagUBlied discoverer, but as one whose success can- 
not be too widely made known as an encouragement 
to others. This gentleman, engaged in mercantile 
pursuits in an eminently commerci^ town, possessing 
little Idsnre and no enormous fortune, has contrived, 
in the intervals of business, to construct with his own 
hands telescopes which in accuracy of definition ap- 
pear to rival any which art stimulated by national 
liberality has yet constructed elsewhere, and to use 
them with a degree of skill and success which has 
not been exceeded (nor in some respects equalled) 
by any astronomer whether professional or otherwise, 
I speak, let it be observed, of accuracy of definition, 
such as is necessary to display minute points of 
light, like the satellites of Uninus. In respect of 
the amount of illumination requisite for the display 
of many diffuse faint objects among the nebulae, the 
gigantic telescopes of Herschel and Lord Rosse are 
of course superior. 
MrLassei's observatory near Liverpoolwas erected 

' in 1840. The principal instrument is a reflecting 
tdeacope of 24 inches aperture (completed, however, 
only some years later), mounted equatoreally, an ar- 
rangement requiring great mechanical skill, but, as 
the results show, most effectually accomplished. The 
speculum was worked and polished by machinery con- 
structed by Mr Nasmyth, but principally devised by 
Mr Lassell, after he had examined and tried Lord 
Bosse's method. I should think it must be admitted 
to be the most periect optical work of its kind ever 
made : for I believe there is no test object in existence 
which Mr Lassell has not seen with it ; in fact he 
has discovered the most delicate tests himself, — the 
6th star of the group i Ononis (though not first seen 



by him), a satellite of Neptune, an eighth satellite of 
Satnm, and several satellites of Uranus. 

Not many days had elapsed after the discovery of (saa.) 
Neptune, before Mr Lassell, directing his telescope^* ^^"^ 
to it, perceived a satellite (as he believed) on Oct,!^'^ 
10, 1S46. The discovery was fully made out ia thoHsptoM, 
fbllowing year, and was soon aft^ verified by the 
great refractors of Pulkowa and Westeni Cambridge 
(VS.) Ite period is about 6-879 days,* and its dis- 
covery was of singular importance as leading to a 
knowledge of the mass of the planet. 

Till 1848 only seven satellites of Saturn were ad- (387.) 
mitted. The two closest to the planet were detected 'nd on* of 
by Sir William Herschel in 1788, and have been^*"^ 
seen by vgry few astronomers since. During five 
years' residence at the Cape, Sir John Herschel never 
but once obtained even a doubtful glimpse of the 
closest with an 18-inch mirror. The third, fourth, 
and fifth were discovered by Gassini in 1684; the 
sixth and most conspicuous by Huygens in 16S4: the 
outermost by Gassini in 1671. To these an tiffhth 
satellite, intermediate in position between the two 
last, was added by Mr Lassell on the IBth September 
1846. By a singular coincidence, it was recognised 
as a satellite the vm/ lamt evening by Mr Bond of 
Cambridge (in America) with the great Munich r&. 
fractor. The new body was called Hyperion, in con- 
formity with Sir John Herschel's suggestion of disUn- 
guishing the satellites as well as the planets by mytho- 
logical names. On the 22d November 1860 Mr Las- 
sell saw at once Saturn with his whole train of eight 
satellites — a glorious spectacle probably enjoyed by no 
other astronomer. In the same month of November Falat ring 
Mr Bond discovered a faint or dusky ring of Saturn °f Sttarn 
interior to the two long known. It is probably ne- Jl^^^*"* 
bulons, for by Mr Lossell's observations and MrBaod. 
Jacob's it appears to be transparent. 

Sir William Herschel thought that he recognised (sas.) 
six satellites of Uranus. The second and fourth of ^"''■'" 
his table have been observed by several astronomers, ""■"■ 
particularly Sir John Herschel and M. Lament. 
Their periods are 8'' l?"" and IS^lll". To these Mr 
Lassell, aided by the fine climate of Malta (to which 
for two seasons he removed his telescope), has con- 
clnsivcly added two more : one, appearing to coin- 
cide with the closest of Herscbel's, of which the 
period is 4^ S** 28™, and one stilt nearer the planet 
revolving in 2* 12™ 29*, the shortest orbital revoln- 
tion in the solar system. Mr Lassell doubts se- 
riously the existence of any other satellite.* 



1 Fnm Hr LumII'i olwervsiloiu tt Malts, 1853-3. 
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§ 6. Sidereal Aatronomy nnee 1820, — M. Stkovb — DouhU Start. Ohaervatoriet of Dorpat emd 
Pulkovta. Sib John Hebsohbl — Orbita of Double Stars. Magnitadet of Stars. Varia^U 
Stars. Eabl 07 Rossb — Hit TeUaeopea. Nebulca. Hbhdbrsoit and Bbbsbl — ParaUax of 
Stars. 

(399.) As it is absoluteljr necessary to bring ibis cbapter 1973donble stars, 1703, or nx-serenths of the whole, 

CoatiDiM- to a speedy dose, and as I have already anticipated, ore pbysically connected, and that, amongst at least 

hi°bi ^' ^ ^^ aoconat of Sir William Herschel's discoveries, the brighter stars, the number of compound ayat«m8 

Bldenll P*^ <>^ what relatss to the recent hbtory of the As- is to that of isolated stars in a ratio not less than 1 

AitTODo- bronomy of the Fixed Stars, particularly the " Con- to 3, perhaps even 1 to 2. 

"7- stitntion of the Heavens," and the motion of our M. Stnive has also determined with extreme care fsaa.) 
system in space, I shall condense within brief com- the places and proper motions of the double stars ; ~ °tm** 
pass a few leading &ctB connected, in the /rs£ place, and he has formed a decided opinion, that ths proper ^,^^1^ 
with the Orbits of Doable Stars, the Brightness of motioM diminiih oa the ■whole re^aiarly with the ordor 
Stars, and the constitution of NebuUe, and these suh< of magnitude, — thus confirming the criterion of in- 
jects I shall connect with the names of the elder M. creased distance from diminished brilliancy, by that 
StmTe,SirJohnHerscheI,andLordRo3se; thefeeond of the apparent displacement of the stars by the mo- 
topio shall be the Parallax and distance of the fixed tion of our system. 

stars, as ascertained more particularly by the late Besides these important works on Sidereal Astro- (S93.) 
professors Henderson and Bessel. nomy, M. Strove b well known as the head and di-^|^'°'* *''* 
(390.) FaianaiCH Gsoko Wilrblu Stbutb has been the rector of perhaps the best organized observatory int„_Qf 
M. Strnra, mogt assiduous observer of double stars since the time the world, that of Fulkowa near St Petersburg, ofPUkowa. 
of Sir William Herschel. No discovery in this de- which he has published a very interesting descrip- 
partment can for a moment compete with the great tion. Besides other noble instruments, it contains 
one of the orbital revolution of one star ronnd an- the finest refractor in Europe, that by Men, 16 inches 
other. Bat M. Strove, by devoting bis chief energies in diameter, and 22 feet focal length. The observa- 
during the most active years of his life, since 1813, tions with this nobletelescopearechiefly mode byhis 
to the assiduous continuation of Herschel's observa- son M. Otto Struve, the author of many good papers, 
tions, has added immensely to our knowledge of these We have seen in a former section (262), that we owe 
systems, and has earned the reputation of one of the in great part to M. Struve the conduct of the most 
most skilful of modem practical astronomers. His extensive trigonometrical operation ever undertaken, 
most elaborate observations were made at the Bus- Sia John Fkbobiiick. William Herschel, son of (S9t.) 
sian Observatory at Dorpat, with a noble refractor by Sir William Herschel, whilst conversant with almostsl'^ John 
Fraunhofer, nearly 10 inches aperture, and 13J feet every branch of science, has devoted himself with ^^^ i,Xui^tZ- 
in focal length. He has published three works on the markable success to the cultivation of Sidereal As-„,ical «■, 
subject of double stars, one in 1824, one in 1837, tronomy. " Bearing a name honoured and reveredmr. 
and one in 18S2, besides minor papers. The second by all, his career at Cambridge reflected upon it fresh 
of these works contains the particulars of about 3000 lustre ; the variety and extent of his acquirements 
double stars, deduced from a survey of the heavens, gave him a reputation amongst his college contem- 
in which at least 120,000 stars were examined. poraries, afterwards folly confirmed by the not more 
(391.) M. Stnive'e papers ore distinguished by the ela- impartial voice of mankind at large." He was senior 
Hii r*- boration of the reductions, and of the ttatUtieal re- wrangler in 1813. " Since that time he has been 
donbla B^ii» deduced from them. In his lost publication he indefatigable as an author : — first, in systematizing 
■ton. has made an interesting estimate of the number of the higher mathematics, and in forwarding their study 
true double stars in the heavens, which, it appears, in his own university ; — afterwards by treatises con- 
is much greater in proportion to the whole number tributed to the Eneyctoptedia Metropolitana on Sound, 
than is usually believed. But it is first necessary to Light, and Physical Astronomy, which still rank 
distinguish those which are physically double from among the clearest, completest, and most philoso- 
those whiclt ore merely apparently or optically so. phical in our langnoge. About the same time he 
The criteria on which he principtdly depends are — wrote experimental essays on difierent branches of 
(1.) the fact of observed orbital revolution ; hut as Chemistry, Uagnetism, and Optics, and commenced 
this is established in comparatively few instances, he his purely asbxtnomical investigations, chiefly on 
▼ery reasonably admits (2.) a common proper motion nebuln and double stars, partly in conjunction mQi 
of the two componcntsas a proof of their connection. Sir James South, of which the details are given in 
He thus finds the evidence for physical duplicity to different volumes of the Astronomical, and of the - 
be muchstrongerfor the closet double stars, and also BoyolSotuety's Transactions. These memoirs colleo-. 
fbrbrighter ornearerBtara,ascomparedwiththoeeof tively include a complete revision of the objects of 
less magnitude. On the whole he condudes, that of the same description catalogued and classified hy Sir 
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fViUiam Herschel.*** But the most considerable 
VkontweDt to Sir John Herscbel'B love of saeuce is 
tke record of his four yean' labours for the ftdTance- 
Ve«t. of Sidiereal Astronomy at the Cape of Grood 
Hope, where he applied his father's methods of ob- 
servation to the southern hemisphere. His Serultt 
<^ Attronwtieai Obnrvaiioiu, which fill a large quarto 
Tolurae, and whidi include " the completion of a 
Teleacopic Surrey of the visible Heavens, commenced 
in 1825," ibrm one of the most considerable and 
most interesting works of our time. The instrumoits 
onployed were a 20-feet reflector, of 18^ inches aper- 
ture, and a 7-feet achromatic, with 5 inches of aper- 
ture. With these the nebulffi and double stars of 
southern skies were examined and measured, and that 
wonderful "Gauging of the Heavens" completed, of 
which X have spoken in the account of Sir William 
Hersohel (201). Th«e u an admirable chapter on 
the apparent magnitude of the stars, to which I shall 
refer presently, and one on Halley's comet, besides 
other matters of interest. 

Since his return to England in 1838, Sir John 
Herschel has withdrawn from the labours of practi- 
cal astronomy, hot he continues to advanoe different 
branches of science, and to expound them by his able 
and ludd writings in a way which has made his au- 
thority equally respected by philosophers and by men 
of the world. The career of Sir John Herschel has 
been marked by an almost total absence of the ele- 
ment <^ ambition, so often a powerful ezdtemeut in 
the pursuit of disooTery. Had he sought notoriety 
and posthumous fame, he would have confined his 
^orta within a more circumscribed range. But his 
versatile talents songht &eir appropriate exercise in 
all departments of exact science, and even (it is be- 
lieved) in pursuits widely distinct from these, in 
Datural history, beUet Uitret, and the fine arts. In 
all this be no doubt considered simply the useful 
and pleasurable employment of his mental activi- 
ties. Truth seemed to him as desirable whether at- 
tained by the labours of others or by his own ; and 
in his numerous writings he has expounded these 
with a zest which a less generous spirit might have 
reserved for bis peculiar achievements. What he 
may have lost in future fame by this enlargement of 
his sympathies and interests, be has gained in the re- 
spect and good-will of all his contemporaries. Sir 
John Herschel recently filled the post of Master of 
the Mint, to which, like his illnstrions predecessor 
Newton, he devoted a considerable share of his time. 
His general eminence as a man of science has been 
acknowledged by his nomination in 1B66 to the dis- 
tinguished honorary position of one of the eight fo- 
re^ Associates of the French Academy of Sciences. 

OrbiU of DovhU Stars. — Though not absolutely 
the first to apply calculation to the orbits of double 
BtaiB, this st^ in their theory may not unfitly be con- 

* Quortw^r Smitw, vol. Ixut., p. S. 
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nected with the name of Sir John Herschel, from the 
aidonr of hia nsearehss and the neatnesa of hia 
methods. To Savary (£ Paris is due the merit of 
ascertaining the form and position of the orMt of £ 
Ursee Majoris in 1827, which was followed by a 
more purely analytical method by M. Encke, and 
one chiefly graphical by Sir J. Herschel,* in which 
angles of position of the component stars are used 
nearly to the exclusion of the more doubtful measiurea 
of distance. On the whole, these investigations not 
onlyconfirm Sir Wilbam Herschars anticipations, bnt 
render it highly probable that the relative orbits are 
really ellipses, and coaeaquMitly that the law of taree 
is that of the inverse square of the distance. The 
reader will find in Sir J. Herschel's Cape Observa- 
tions a very curious discussion of the orbit of y Vir- 
ginis, a remarkable double star, whose interval was 
in 1783 five seconds and two>thirdB, which diminished 
tOl 1836, when the two stars appeared united in one, 
as seen even in the beet telescopes. This was Hbe 
perihelion passage of these two snns, and the angle 
of position must then have varied (could it have 
been measured) at the rate of 70° per annum, or 1° 
in 6 days. The following are some of the best as- , 
certained periods of sidereal revolutions in years : — 
^Heroulis 36M; £ Ursa Majoris 61^-6; nCentauri 
77' ; p Ophiuchi 80 or 90^; g Corona Borealis 600 
orTOOr. M.Miidlar, AdmiralSmyth.andMrHind, 
have added much to our knowledge of this interest- 
ing subject 

BrightMt* of Start, and Variable Start, — Sir John (397-) 
Herschel has attempted by an elaborate system of^° *?• 
inter-comparison to aaaign die correct relative bright- ^'^^_*" 
ness of the stars, and to give precision to tiie ordi- 
nary terminology of Magnitudes. His ■' Method of 
Sequences" described in his Cape Observations, ap- 
pears to be one of the happiest specimens of generali- 
zation which experimental science affords. Whilait 
regretting the impossibility of here giving even the 
slightest sketch c^ it, I cannot but recommend it to 
the student of natural philosophy as a model of re- 
search. Having ascertained, in a way independent 
of every sort of hypothesis, the relative brightness 
of the stars upon the scale of Magnitudes usually 
adopted, but which is wholly arbitrary. Sir J. Her- 
schel proceeds, by properly photometric methods, to 
give a scientific precision to this notation ; and he 
arrives at this singular and fortunate conclusion, that 
by adding a small and constant correction to the re- 
ceived scale of Magnitudes, the numbers will repre- 
sent the dittancet of the reepeetive ttart from ovr 
tyitem on the svpposition of an intrinsic equality tn 
the brightnett of the start themtehet. 

This subject naturally includes that of Variable (S9S.) 
Stars, which may be divWed into those which under-^^*^ 
go periodic or irregular fluctuations, and the latter 
doss may embrace new stare, and stars which have 

■ Attmemieat Soeittt't Uaauiirt, toI. v. 
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4iMppeftred. The lut tm> hondred years have not sidenbly more than twioo as large as that of Sir 
preaentad any snoh asttxiishiiig phenomena oa the William Herschet's forty-feet instrument, 
new stars nooided in the sixteenth and sBventeenth We cannot enter into the details of the methods, (301.) 
centnries ; bnt singular variations in the brightness which evince no small mechanical skill and scientific "'thodirf 
of some of the most conspicuous stan, as « Ononis ingenaity, together wiUi a perseverance admirable in ^^ "^ 
and 1) Aig&B, have been discovered by Sir John itaelf I will only mention how the upper tad 
Henchel. Several stars of short and Irregular lower surfooes of the casting were mode to cool nearly 
periods of varying brightnees were recorded towards equally fast. To effect this the lower surface of tl^ 
the close of last oentury. But npon this very in- mould (which naturally retains the heat more than 
teresting subject I must oontent myself with nfer- the upper) was made of iron, a good conductor, whilst 
ring to the details given by Professor Argelander in the upper surface was made of sand. This effected 
the third volume of Humboldt's Cotmot. the purpose ; bat it being found that air bubbles 
(S99.) Eau. oy Bossa. Latett obgarvationt on N^Ma. — entangled in the fluid metal could not escape beoeatli, 
^T^''"'*' It is a remarkable circumstance, that as the reflect- and injured the casting, the iron bed was constructed 
fleeting i"? telescope was a British invention, so the more of hoops set on edge and doeely packed, the crevices 
teluoopet. important im|HOTements and applications of it have allowing the escape of air, wlulst the cooling pro- 
been almost confined to the United Kingdom. It ia ceeded as before ; and this ingenious contrivance waa 
also worthy of notice that the manufacture has pros- perfectly snocessful. 

pered more in the hands of amateurs than of regular Many difficulties in detail have been found in the (30a.) 

opticians. Sir William Herschel appeared at one mounting and use of so gigantic a moss, particularly ^PF^ 

time to have brought the invention to its highest per- on account <d the distortion of the mirror by flexure. 1,^)^ ^ ^ 

fection, bnt the Earl of Bosse has mode an important But these have gradually been surmounted by Lord iu nsalu. 

step farther ; not only by constrncting a larger tele- Bosse. His published observations (^PhUotophieal 

scope than hod been made before, but by ^apting Tran»tietio<M, 1860) relate almost entirety to objects 

machinery driven by steam power, to the grindii^t of the class of »ebnl«e ; and as I cannot enter into 

and polishing of the mirror; so that die largest details, I may state the general results in two or three 

speculum may be finished with nearly the same ae- sentenoee. (1.) As might have been expected, many 

curacy and expedition as the smallest. The ehvf nebulae whitm resisted the power of former telescopes 

tpceuvrt of Lord Bosse is a telesoope of 6 feet aper- (for, except in rare instances, nothing greater than 

tore, and 63 or 64 feet of focal length. It was com- eighteen-inch apertures have been directed to them) 

pletadin the latter part of 1644, and erected at Far- have been "resolved" into stars by the six-feet specn- 

sonstown in Ireland. lum. (2.) The aspect of a great number of nebulffi 

(300.) Let me here record the important fact, that neither described by the two Herschels is materially modified 

^AcultiM j^j^}^ QQp wealth could absolve Lord Bosse from those by the power of the telescope to embrace the fainter 

tend. ' tanla and disappointments which attend all new and proloi^ations of these singular objects. In geoerol, 

original efforts. Thereie no royal road to such triumphs, the symmetrical forms are very much cat up and 

The Irish nobleman owes his success entirely to his confused, and in many cases vanish altogether, 

unwearying perseverance and mechanical skill. Even (3.) Instead of these, a certain species of symmetry, 

his assistants were countrymen instructed by him- of a vogue yet very remarkable description, has been 

self in his own workshops, where the very steam-en- detected by Lord Eosse, probably for the first time, 

gine which drives the polisher was fabricated. His It is a spiral arrangement of the nebulous coils 

labonrs to improve the telescope date from 1826 round a centre, resembling somewhat the spiral 

(when he was Lord Oxmantotm), or even earlier, and emanations of revolring fireworks. The well-known 

they appear to have been unremitting until 1644; in- nebula No. 61 of Messier's Catalc^ue shows this 

deed I might say until the present time. Com- in a remarkable' manner. 

mendng with a variety of ingenious attempts to cor- Some observations have been made upon the moon. <303.) 

reot spherical aberration, and to overcome the ex- It is much to be desired that these were continued, 

trame ditficulty of procuring large castings of so ex- and that the planets could also be observed ; but I 

ceasively brittle a material as speculum-metal, they believe that the climate of Poraonstown affords bat 

termmated in the rejection of all minor helps and few nights fiivonrable to observation. 

expedients, Ond in the fortunate completion of im- Hendbbsom and Besebl. PardUaa and ditUmee (304.) 

mense mirrors at a single casting, and of correctly of the Fui«d Stars. — Thomas Hbndbbbon, at one^.'^fV^ 

parabolic figure when ground and polished. The time government astronomerat the (Jape of Good^ndcbsne- 

speculum of his largest telescope weighs four tons. Hope, and subsequently professor of practical as- tar. 

It was polished in six boors, and its sniftce is con- tronomy in the university of Edinburgh, and his 

* For k eompsTbon of Lord RoMe'i and Uaun IT>ynnlth and IiumU'i (lulMquent) mathodi of ln«ciiuilca] grindtng sod 
poUihing, Ma Aitrtnt. Sat. Jfatiui, ToL Ix, p. 110. In Lord Bosm'i appvatai evarr itroka of tfaa politbar ia almoat ■ atraictit 
hat; in Ur Lasaall'i it navor Is. 
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MajestT's aatronomer for Scotland, -nu born at at Greenwich, the latter at Dablin, both with iiutni- 

Dnndee, in Scotland, 2dth December 1796. He died ments of great power, being meridian urclcB of the 

at Edinburgh 23d November 1844. His career was largest size. It ia sufiBcient here to note that Dr 

an instance of the conqaest of diBodTantagesofman^ Brinkley attributed to some of tbe brighter stara, 

kinds by a patient, devoted, and consdentions spirit, sncb as « Lym, a parallax of 2''6 (which, how- 

and of the attainment of a station of great eminence ever, he afterwards roduced to little more than 1"), 

in the world of science by singleness of purpose, and whilst Mr Fond could arrive at no such resnlt. There 

an ardent love of knowl^ge. is no doabt that Mr Pond was correct.^ 
TtSS^'^ He was fortunate in having Mr Duncan (now of Thefirstcaseof porallaxwhich wasdeterminedwith (308.) 

nn't (Clan- ^* Andrews) as his instructor in mathematics at some certainty by the use of ordinary meridional in- HandBnoa 

USe pro- Dundee, and it was " while employed as an attorney's stmments was that of a Centanri, a bright star of the ^^^ ^^ 

J""' derk in a provincial town that he laid the founda- southern hemisphere, which was deduced by Hender* Cutanri. 

tions of that extensive acquaintance with astronomy son ^om his oluervations at the Cape long after they 

for which he was afterwards distinguished." It was had been mode, and what is perhaps still more satis- 

his good fbrtune to attract in Edinburgh the discern- factory, made without reference to this particular 

ing notice of Sir James Gibson-Craig and his family; question. The resnlt, which gave to this star an 

through whose influence, probably, he obtained pro- annual parallax of 0-91 of a second, is believed to be 

fessional employments of a kind which permitted correct, because it has been confirmed by Mr Maclear, 

him considerable leisure, nnd even gove him an op- Henderson's successor at the Cape. It may, however, 

portttnity of forming scientific acquaintances in Lou- bo not unreasonable to desira that the observationa 

don. Hia early tastes were towards the practical cal- should be repeated in another locality, and with a 

onlations of astronomy, such as occnltations and different instrument; for it has not been unusual (as 

ephemerides ; and iiam hia merits alone he was in the case of Brinkley) to obtain under the same 

commended and patronized by Dr Thomas Yoong. drcumstonces perfectly consistent, yet erroneous, and 

Had that great man lived, his promotion to a sdenti- therefore inexplicable results. 
Appdntcd fie post would have probably been earlier. As it was, The very considerable amount of parallax in this (300;) 

Ob«rv!^ he obtained in 1831 an honourable, and, for him, instance, corresponding to a large proper motion 

to^. lucrative appointment as astronomer at the Cape; at (3*'6), gives a strong independent probability that it 

the aacnfice, however, of quitting his native country, is not materially erroneous ; and in this respect the 

Id the thirteen months during which he held that most competent and impartial historians of adence 

situation, he performed an amount o^firat-rate work have given full credit to Mr Hendenon for having, 

in practical astronomy which may bear a comparison by superior skill in the use of his instruments, and 

with any similar effort. Charged with an instrument thehappy choice of an object, made a discovery which 

notoriously defective (Jones's circle), he had to so many eminent obeerven had long sought for in 

examine its errors and their compensadons ; and vain. 

it is no small credit to him to say that with such Subsequent to the date of Henderson's observa- (310.) 

an indifferent tool ho carried off a prize which tions, but before their publication, Bessel (whose Bimei'* 

had been the aspiration of so many astronomers biography we have given in Section 3 of this chap- °^^^ ^et 

before him — the determination of the parallax of a ter) determined the parallax of the star 61 Cygni, in Cjgai. 

fixed star. a different way. It was a happy suggestion of Galileo, 

(30S.) We must not go back to the history of this pro- that if two stars be selected apparently near one 

?^ P'r^* blem previous to the nineteenth century, when alone another, but really disconuected, and having very un- 

ft^p. instruments were bo far perfected as to give results equal magnitudes (therefore probably at very dif- 

by which a parallax, or displacement by perspective ferent distances from our system), — and if the ap- 

of a star in consequence of the earth's motion had a parent angular distance between the two stars be 

chance of bdng discovered, since it certaitdy does not measured from opposite parts of the earth's orbit, 

amount to above a second or two, probably never it must sensibly vary by an obviouB effect of per- 

attains even the former amount. spective. It was in pursuit of this happy idea 

(307.) The earlier part of this century witnessed a memor- that Sir W. Herschel discovered the tact that the 

ta^Ju*" ^^^^ contest on this subject between Mr Pond, the connection of such pairs of «lars is often real, not 

_tea b, Astronomer-Royal, and Dr Brinkley, afterwards Bi- apparent — but it was Bessel who, guided in his 

P^ ud shop of Cloyne ; the former founded on observations choice of an object by the critical character of the 

Biiakle;. . 

Botie* of ^ ^°^° B'likla;, Bisfaop of Cloyne, wu born In Bngland, and edaemUd at Cambrldga, whan ha wu wnior wruiglar In 176B. 

BrlnkUy ^* Ktad Tor ■ ihort tima u Mukeljna't awiaUnt at Qnenwich, and wu lubaaquentljr Appointed Prafenor of Aatronomj at 
Blabop of l^ublio, whara ha mada manj eicellent obMrrttlsnt, atpaeially tbow on Natation and Abwratioa. BrinUay ought to haT« 
aoyB«. >>••■> mentloDad In Art, (30) of thla Dlatartatbui, ai baring omtribatad tnatarlally to tbe progTMi of tiM atodj of tha COntlMntil 
]l4tlianiatici In tba Dnilad Kingdom. 
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considerable proper moUon of an otherwise nn- method, 'whicli, kowerer, may be fonnd in Bevenl 

conapicuoaB star, first reduced Galileo's theory to modem works on astronomy. 

Bncceesful practice. The details of this elaborate in- M. Peters of the Obserratory of Pulkowa has an- t^ll-) 

vestigation hare been considered by competent judges nonnced several additional parallaxes, all determined ^- P*"^ 

as among the happiest specimens of astronomical in- with the ^d of a meridian instrument. He has even 

duction ; and like Professor Henderson's, they have attempted to infer the mean parallax of stars of the 

also had the advantage of subsequent and still more 1st, 2d, &c. magnitndes, which H. Struve has com- 

independent corroboration. Professor Johnson of pared with his estimate of relative distance derived 

Oxford, osing, like Bessel, a divided object-glass from other considerations ; but the numbers of as- 

micrometer (or heliometer, as it is not very appro- certained parallaxes, as well as their amount, are too 

priately called, never being applied to the sun), has small, and the anomalies still too apparent (as in 

obtained results for the parallax of « Cygni almost the case of the star No. 1830 of Groombndge's 

identical with Beasel's, which was 0-36 of a second. Catalogue), and the parallactic distances too oflen 

I am sorry that my limits will not allow me to inverted on the scale of brightness, to allow us to 

explain more particalarly the details of Bessel's attach mudi importance to tliese generalizations. 



CHAPTER IV. 

MECHANICS OF SOLID AND FLUID BODIES, CIVIL BNGINEEEINO, AND ACOUSTICS. 

§ I. Watt. — Condition of Practical Mechanics previoui to the time of Watt. Hi* genittsfor the 
application of Science to Practiee. Hit tueeesnve Improvementa on the Steam- Engine. Steam 
Navigation. 

(31S.) James Watt may be considered as the most dis- " semi-omnipotent engines," perpetual motions, 
^J^ tinguished praetiad man of science of the last cen- " quintessences of motion," and the like, mingled 
' tury, or even for a much longer period. But this is with trivial mechanical toys ; or we have elaborate 
not all. Few men achieve such a reputation as his diagrams of mill-gearing, lathes, fonntoino, and saw- 
without having done more than originate a great in- ing machines vrithout end, illustrated with showy and 
vention for the use and benefit of mankind in all ages : expensive plates, but destitute, for the most port, of 
— He also taught men to raise the useful arts to a new the slightest novelty of principle, or truly mechanic 
dignity, — to marry them to genuine, unpretending, cal skill in application, Here and there, no donbt, 
and inductive science, — to disparage ignorance and el^ant and appropriate contrivances for communi- 
empiricism, and to render the labours of the work- eating or sustaining motion occur ; but nearly all 
shop subservient to intellectual progress. the best fonns <d eleonentftry machinery were of re- 
(S18.) I have attempted, in the 6rst chapter of this Dis- mote antiquity, excepting those connected with clock- 
^''^ sertation, to place the scientific part of engineering in work, which, including the great and truly scientific 
BMriu to ''^ ^"^ relation to pure physics, and I have compared application of the principle of Isochronism, fonned 
phy^cs. the relation between them to that Bnbsisting between the only considerable step in philosophical mechanics 
Madiematics and Physics — the one as an instrument, for very many years previous to the conception of 
the other as on end. Nowitwas this, in particular, the steam-engine. The statical part of mechaoics 
which made Watt the important character ho really had made more progress. Masonry and Carpentry 
was. Hebroughtoutthedependenceoftheformersub- had attained a degree of perfection in many respects 
jects, as Newton and others hod successfully taught admirable, under the Italian and Norman architects ; 
and demonstrated that of the latter. but the really difficult theory of machinery in motion 
(314.) To appreciate Watt's merit, we must compare the was little understood before Watt's day, and the 
a.... .f purely mechanical contrivances of the period preoed- knowledge which then existed was unassociated with 
ing the date of his improvements on the steam-engine practical skill or commercial entei^rize. It could 
with those of a similar space of time succeeding it. be found only in profound treatises of theoretical 
tsanth tea- In tho former we find maUitudes of contrivances on mechanics, and in experim,ental courses of natural 
""'■ paper — ingenions, indeed, but many of which could philosophy. The sources of power were almost ex- 
not be executed ; the greater part of the remainder clusively those dwived from simple gravity and the 
conid not be carried into effect through want of know- impact <d fluids. It was not, indeed, the good for- 
ledge in the inventor. We have large promises of tone of Watt to be the first to employ the admirable 
vol.. I. 5 R 
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properties of steam u r source of power ; but he was engine, in Trhich thej mainly consist. In Sb John 

almost the first to study them as a philosopher, and Leslie's Dissertation, a space of but a few lines has 

to apply, with exemplary patience and sUll, princi- been devoted to them, wbidi seems inadequate to 

pics sought in the laboratory, to make available the their importance. For details, however, we must 

most convenient of all motive forea. This was done refer to the articles in the Kncyclopeedia where tliey 

by means of a series of contrivances so ingenious— are explained at full length. 

BO strictly connected by scientific relations — as to be No doubt we canaot in strictnesB call Watt the (^y^-) 
a model of experimental research, quite as much as inventor of the steam-engine. The grand principle ^.^^l^L 
a triumph of mechanical art. of rendering the heat contained in steam available as an^e. 
(SIS.) Such combinations of theory and practice have now an economical soarce ctf moving power may be traced 
^"'^P!''becomefar{romrare. They have followed the march so far back that we loee the clue altt^tber in the 
infuMd ID- ^^ physical learning, they have borrowed firom it, obscure, or impracticable, or simply puerile shapes 
to prmcttoi and they have contributed to it Bat it was Watt in which the idea was contained. Even in the time 
m«cfa>ulci who chiefly gave the happy example. Himeelf by of Worcester (1863) we must be allowed to doubt 
' ' ' education and habit strictly a mechanic, be had tiie whether the history of the steam-engine had out- 
peculiar merit of apprehending the value of theory, grown the mythical stage ; Fapin, indeed, proposed 
and of acquiring a kind of knowledge then altogether a piston and cylinder in which the vacuum was pro- 
uncommon amongst persons of his proftseion. He duced by steam instead of by the air-pump (as already 
was no doubt a successful speculator, and a shrewd suggested or practised by Guericke) ; but Savery 
ingenious man besides; and this, his ostensible ch a- (1696) was the first who constructed a steam-engine, - 
racter, constituted possibly in the eyes of many his and applied it to the drainage of mines. His iuven- 
world-wide celebrity. But such considerations were tion included the two capital properties of steam, its 
little likely to inftnence the opinions of contemporary power of producing a vaeuum by condeusation, and 
scientific men well qualified to judge, and least of all its elastic force at high temperatures. A few years 
of.eminent foreigners, who generally regard with little later the piston-form was introduced or re-invented 
partiality the presumed commercial character of their by Newcomen and Cawley, as M'ell as the valuable 
insular neighbours. Dr Black, who was by no means expedient of producing condensation by a squirt of 
prodigal of praise, termed the steam-engine, as im- cold water injected into the cyllndN'; and ia this 
proved by Watt, " an invention which is in its pre- condition the Atmospheric Engine remained with 
sent state the master-piece of human skill," not slight improvement for above half a century, doing 
" the production of a chance observation, but the the work for which it was invented, — the pumping 
result of deep thought and reflection, and really a of water out of shafts (the pump being moved by a 
IftiBBt« present by philosophy to the arts."^ Professor Ro- chain attached to the end of a huri^iont&t osdllating 
ef Watt'i bison, who knew Mr Watt intimately, was even more beam), — wherever economy (£ fuel was imimportaaL 
K*"""- enthusiastic in his appreciatioii of his genius; and Such was the cose at coal pita, but in other mines, 
Sir Humphry Davy, in a speech manifesting a just usually situated remote from coal, it was of compara- 
estiuBte ef his peculiar merits, did not hesitate to tively little use, ou account of the enormous con- 
place him on a level with Archimedes.* But a te»- sumption of liid. 

timony more authoritative and unbiassed than any Jajus Watt was born at Greenock in 1736, and, (SIS.) 
of these, is the fact that Watt wos elected first a owing to feeble health, seems to have enjoyed little ■'■"•^ 
corresponding member of the French Institute, and advantage from regular tuition of any kind ; which J: *• ?i^ 
finally one of the eight foreign AsBOciatee of the Aca- was, however, to a great extent made up for by the barj, 
demy of Sciences. This honour, to which so few con intelligent spirit with which be acquired knowledge 
attain, which Newton once owned, and which now without assistance on a great variety of subjects. At 
graces or lately graced the names of Young, Hum- the ^e of niaeteen be proceeded to Loudon, where 
boldt, Oersted, Brewster, and Robert Brown, is a he learned mathematical-instrument making, but be 
sure passport to scientific immortality. Here, at soon returned to Scotland, intending to pursue that 
least, no utilitarian pride, nor even the laudaUy pa- business in Glasgow. Here he met with obstacles, 
triotic emotion of gratitude to one who bad proved, but finally, by the patronage of Dr Adam Smith, Dr 
in more ways than one, his country's bene&ctor, can Black, and other professors, he was established as 
be supposed to have influenced in the remotest de- iDstniment-maker to the uni^'ersity within tlie college 
gree bis election. buildings. I mention these details because they show 
(316.) Having said thus much on the position to which that Watt, as early at least as 17d7, had been favour- 
Watt's inventions entitle him in the namtiTe aS the ably noticed by the most celebrated professors thai 
history of science, we may refer with brevity to the in Gla^ow, and had received a special pledge of their 
generally well-known improvements of the steam- good will.' It is evident that the professors of Che- 

' Ltuitrtt, L, 181. ■ 8pe«ch at Frecmuona' Hdl, prfierved in Ango'i Eloge of Watt, aod in Dav^'i Workt, toI. vU. 

■ It appears from Ur Muirbead'i work on Tkt Ongm and Frtgrtti of the Mechanitai Invention af Javia W<ttt (publlihed linca 

tba gmtcr part of tbfl text of Ihi* KCtion vrai writtvn), Ihat Wstt'i intra duction to the college took plica " tlirough the lnttTD- 
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mistry and Nntuml Philosophy (Dr Black luid Dr moat ontious and accomplislied of indactire philo- 
Dick), nho hod obtained for him hia appointment, sophen.^ Watt's eminent merits, and doubtless hii 
must have been also his chief academical employers ; merits alone, gained him this happy position ; but 
and we may safely conclude that Watt constructed had he remained either at Greenock, or with the op- 
much of Dr Black's apparatus, as he was certainly tician in Comhill, he might have failed to combine 
admitted to intimate and confidential intercourse with so admirably as he did the character of the practical 
that great and amiable man. Dr Black removed to man and the philosopher. His place in science wasHUposU 
Edinbni^h in 1763, but the friendship which he had well typified by his posidon in Glasgoir, His was *•<*" '" 
extended to the yonng mechanic remained unaltered " the workihop within the CoUegt." Whilst the ^-(^^^ 
during their joint lives, although their personal in- horatones of the classea of Chemistry and Natural 
tercourse must have been extremely slight after that Philosophy must have been his familiar resort, his 
time. Kow Watt's first thought of improving the own rooms were frequented by the most intelligent 
steam-engine dates (as we shall Bec)from the sessinn students, including his oontemporary Dr Bobison, 
1703— 4, the last but one of Black's stay in Glasgow; where subjects of science particularly connected with 
their intimacy was therefore fully established by that mechanics were diligently canvassed. The extent of 
time ; and we find Watt acknowledging his " oUiga- his knowledge and the variety of his resources were 
tions to him for the information received from his {iilly tested, and the result, as stated by the generous 
conversation, and particularly for the knowledge of pen of Bobison, was acoaTiction of the superiority of 
the doctrine of latent heat ;"' and wo also find that Watt in these respects to any of his contemporaries, 
during Watt's experiments on steam subsequent to It is a fact worthy of note that the immediate oc- (3i9.) 
the last -mentioned date, Black was cognisant of them, casion of Watt's improvements was the commercial ^Mt'i fint 
and assisted in their contrivance.' Moreover, Watt consideration of economy. In 1763 or 1764, l>*'°g",S^"o„ 
admits Dr Callen's well-known experiment of redu- called on to repair a model of the Atmospheric En-itMm. 
eingthetemperatureofehullitionundertheair-pump gine in the Natural Philosophy class at Glasgow 
to have been one of his starting points in the im- (which model is still preserved), he found the amount 
provement of the steam-engine.* Yet this experiment of steiun expended in heating the cylinder at each 
was not puHithed until 1770,' and Watt must have stroke to be so great that the boiler was insufficient 
heard of it from Black himself, or from some one to supply it properly. He then commenced experi- 
attending his lectures, where the fact vas almost cer- menta on the amount ofsteam thus consumed, and on 
toinly mentioned. Whether/orma/(y a student of Dr themeans of dinunishingit. Though the primary ob- 
Black's chemistry class or not, it is therefore evident ject was the repair of a model, it is not to be doubted 
that Watt enjoyed advantages in the prosecution of that Mr Watt hod in view the practical improvement 
experimental physics which nineteen-twentieths of of the engine on the great scale, with the use of which 
enrolled students never attain. He had the privilege in the coal-fields of the west of Scotland he was pro- 
of unreserved personal interconise, amounting at last bably familiar, having the intention of becoming 
to intimate friendship, with the first auUiority of the himself a civil engineer, and being already acquainted 
last century on the subject of Heat, and one of the with the writings of Desagniliera and Belidor.' 

Jitj of hli mothar'i kl 
>■ fat that of Latin." 
" '"Lattsr to Dr Bnwitsr la Robiwn'i Mtdumital FkOotophy, iT., p. i 

■ RoblMD'i MKlianual Phlleiopky, 11., IIB, noM (bjr Mr Watt). 

* Ibid., p. ill., and 11«, not*. 

* Id the SiHii%rgk Fkfiitat add Littrary JCuayi, vol. U., Dr Bluk (wbo WH Inttmata with Cullan) knaw of it at Itut In 
1767. Ltcturu, i., ^26. 

* It ti perhaps unfbrtunata that Hr Witt, wbeii on thavgrga of fooncors, cODtrarj tohlf o«ii iDteottona, hot yielding tn ■■ tlia 
repraantatloD of (VIendt," racordad a complaint that hla bait frland*. Black and Itoblwa, had raTuiad blm hi* due •but of merit 
In tha ImproTemant of tba atoam-oiif^aa, and diaclHimed, aa Injuriou, tha appellation of " a pupil of Dr Black" (letter to Dr 
Bnwater In Robiaon'i Mtehaiiical PhUoiopky, Tol. ii., p. v.) Admitting (a* ha doeg on the aame page) that tha doctrine of latent 
heat vai due to Dr Black, and that be fint learnt It from him, he adds, " thia theory did not lead to the iDiprovemcDU I after- 
ward! made In tha anj(1ae," p. vlii. So oae ever aacribed lo Black the boautirul inventioD of a aeparste eondeaaer. but even 
Watt'i moat ardent enli^liti (Lord Brougham and U. Arago) admit that the theorj of laUnt he«t " forma the \.ey to tha acono* 
mical appreciation of the tleam -engine." Bo f*x waa Watt from baing independent of Dr Black's laaiataoce in thia matter, that 
he bimaelf teila oi tvice over, la aubatantlally the tame language, that when In the coune of hi* experiment* on the model engto* 
in Qiasgow Collega In 1764 he waa "at a lnu lo undtritatui hour much cold water could be heated by so imall a quantity Id tha 
form of itaam," h* " appUid to Dr Btatk, and lAm jirit <ind«rttood what woi eaiUd iolmt htat" (Robiaon, IL, p. t. ; alao p. 110, 
noU). Mr Watt might have been the dlacoTerer of latent heat, and (he solver of hi* own dilamua, had not Dr Black bean at 
hand. It ii the hlghaat compliment we can pay him to aay that auch an achievement waa not too much to expect from him. 

[Th(M cnnciniion* are fully lubilmnllated by the interesting docamenu lately published by Mr Uulrhead In tha Corrttpondint* 
of Watt im tilt CampotitiiHt tf ITaur, p. 6, and in b\i Uiduaical InvtmUinti <if Jamti IFall, vol. 1., p. lux!.; vol.il. pp. 116,118, 
11S,S7&. In the lait-ollad paasaga W att himaelf fixes the data and manner of hie receiving from Dr Black hi* knowledge of Iha 
doctrine of Latent Beat. Ha layi, " I myaelf never attended his (Dr Black's) lecture* ; hut the dnctai explained his dictrinw 
to ma about tba year 1763."] SeU addtd dMrimg pruttlKg. 

■ ace Hr Watl'a own twraUve In Koblaon'a MictanUia! FUlOMOpky, Ii., 113, i«>U « and in He Uoirbead'* UttSatUcal InVMUtat 
of Jama WaU, vol. L 
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(Sao.) When Watt discoTeredbymeans of hiB model that pendent improrement^ wMch Watt introduced. To 

Inpiirfto- ^ijg condensation and loss of steam in the cylinder at keep the cylinder as warm as possible, it was £ret 

mwpheric ^Tery stroke of the piston exceeded that which is ns&- provided with a cover, through which the piston-rod 

■ngin*. fully employed in prodndng the vacuum, he proceed- passed b^ means of a stnfGng-boz. Then steam it- 

ed very methodically to ascert^n the chief numerical self was employed to press down the piston, instead 

data or constants upon which the working of steam' of atmospheric air which cooled the cylinder injuri- 

engines depend ; as, the bulk of steam of given eJas- onsly. 

ticitycomparedwith that of the water producing it, the Having thus steam on each side «f the piston, the (3!2.) 
elasticities of steam at different temperatures, espe- step was eaay to make the engine a double-acting DoubliMct- 
cially above the boiling point, the evaporating power one ; so that the volume of steam which by its elas- "8 •°g"'*- 
of a pound of coals, and finally, the expenditure of ticity impelled the piston during its descent, being 
steam and of injection -water for a single stroke. The thrown into the condenser, produced the vacuum 
last, the amount of cold water required effectually to necessary to make the ascending stroke equally ad- 
condense the cylinderfiil of steam, appeared so very vantageons.'- But in pumping-engines, which had 
large that it at once betrayed the source of the waste- hitherto been the main employment of steam, or fire 
ful expenditure of fuel. All the heat which was ah- engines (as they were then called), it was sufficient 
stracted by tlie injection-water had to be supplied that the power was produced in one direction, that 
afresh at a vast expense of steam, and consequently is, to lift the pump-rods i' but the double action of a 
of coal, before a &esh stroke could be made. The pushing and pulling force was evidently applicable 
mere amount of steam necessary to fill the cylinder to every sort of machinery by the use of a crank and 
and elevate the piston was a trifie in comparison. He fly-wheel, A difficulty, however, was experienced in 
naturally ascribed it to the absorption of beat by the applying this pusb-and-pull movement to the oscil- 
material of the cylinder, which no doabt was an im- lating beam which had so long formed a part of the 
portant element ; and he tried cylinders of different atmospheric engine, and which it was so convenient to 
materials, and ascertained (in most instances for the use. Mr Watt obviated it vrith his customary saga- Pmralia 
first time) the tpeeific heati of the substances used, city, and succeeded in inventing a connection of rigid motion. 
But still the amount of injection* water remidned uu- jointed links which effectually united the piston-rod 
accoimted for, and the regulation of it was the great with the end of the beam, the former moving in a 
diiGculty of the old engine. If a tolerable vacuum vertical straight line, the latter in a circular arc, so 
was desired, the cylinder must be flooded with cold that pressure was tranemitted in the manner of either 
water, and all the heat abstracted must be restored push or pull without the slightest practical incon- 
before the next stroke was produced. If, on the other venience. No doubt the loeaa of the motion of the 
hand, the injection was imperfect, so that the con- piston-rod bead is not rigorously straight. ItiB.when 
densed steam and water together retdned a high fully developed, a curve of the fourtb order, resem- 
temperature, an atmosphere of vapour so elastic bting a very elongated figure 8 ; but the portion of 
spoiled the vacuum, and in many cases the working the carve in use is practically straight. This happy 
efficiency of the engine was reduced to about half of eolution, the most elegant perhaps in the science of 
the atmospheric pressure. pure machinery, or kinematics, was not the result of 
(3S1.) The theory of latent heat, showing that steam con- a formal mathematical research, but presented itself 
Wau'» tains as much heat as if the miter yielding it had to the mind of Watt, as he tells us, almost intui- 
of «"■ u ^^^^ 'lised through 1000° of temperature, gave a tively. It became from henceforth an important ele- 
clear explanation of the enormous amount of injcc- ment of mechanical combinations. 

tion-nater necessary. How to escape ftom. the difii- Other methods of producing direct rotation oc- (3S3.) 

culty was another question, which was solved solely curred to the ingenious mind of Watt, and many of Expu™™ 

by Mr Watt, who, early in 1786, first conceived the .them were shovra to be practicable by being actually ""kimg. 

idea of retaining the cylinder always at the boiling executed in model size. But the next great practi- 

heat, and eflecting condensation in a geparate veixel cal improvement introduced by him was the princi- 

kept constantly as cold as possible, in which injection ciple of expanaiue working, whereby a saving of ateam 

should also take place, and into which the steam of is produced (particularly in single-acting engines), 

the cylinder would spontaneously rush, on a cooimn- second in importance only to the result of the sepa- 

nicatjon being opened at the proper instant. The sue- rate condensation. This consists in allowing the 

cess of this device was complete, and it was speedily steam to flow in upon the piston during only the first 

followed by a series of admirable and mntuolly de- part of the stroke ; the rest being completed portly 

I lliii bappjr Mbb aMma to bivfl bMn inggMted by Dr Smill of Birmlnghim ia b latter to Wstt, of date Beh NoTember 1769. 

" I lesno ratsoD irhj yoa iboald not coDdcnn mt both aDdj of your cylinder, sad drive >U bsfora you, back itroke aod 

Aire ttTo\ce."—Mteluinieai Invmtioni o/ Satui Watt, 1. p. Bl. The uncommoD »gaclCy of Dr Small, and tbe Important utvicaa 

which he renderad in many vrayi to Watt, come out clearly for the flnt time In thii worh. 

■ So associated were these engines widi the operation of raiting water, that we find they were at one time uied to snpply 
common Hatei^wheels with a conttAnt stream, and thus to prod&cs continued motion for mill-work, &c- 
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bjr the inertia of the moTiDg maclunery, but chiefly Of the applications of the steam-engine with which (sbg.) 

by the continuoua though constantly diroinishiog Mr Watt was lesi immediately connected, its adap- u^,^ 

elasticity of the steam as it expands and fills the en- tation to locomotion in the case of ships in the last itMm to 

tire cylinder.' It is evident that, in the extreme case, century, and in that of railway trains in the present, niTigidoo. 

tho work required (in pumpiog) will be accomplished have been the most striluDg, and fraught with con- 

if the pistou reach the esd of tho stroke juat as its sequences the most important to mankind. Of the 

momentum is exhausted, and that, on the other hand, latter we shall have occasion to speak in a future 

if the pressure of the steam remain constant through- section ; of the origin of steam navigation we may 

out, the velocity will be n maximum just when the here say a very few words. Passing over projects 

work being done by the machine is suddenly com- whichnever wererealized, of moving barges by steam, 

pleted, and so much moving power will be wasted, or other inanimate power, against wind and tide, — 

A medium distribution produces the most favourable such as those of Worcester, Fapin, and Hulls, — we 

result in practice, and it depends entirely upon the find that the first experiment entitled to be called 

ratio between the resistance and the efiective pres- successful was made by Mr Miller of Dolswinton in HUln^^ 

sure of the steam what this most favourable proper- Scotland, conjointly with Mr James Taylor, tutor iaT^ylw- 

CornUh tion will be. In the single-pumping engines of Coni- his family, who together formed the project of mov- 

•ngiae*. ^nH^ in which the economy of fuel is carried to the ing vessels by means of paddle-wheels driven by a 

highest perfection, it frequently happens that not steam-engine, and realized it with the aid of Sym- 

moie than one-eighth of the stroke is performed un- ington, a practical engineer. As we shall also find 

der the full pressure of the steam, which acts expan- in the case of steam-carriages, the idea of the applica- 

eively during the remainder of the stroke; but these tion c^tho steam-engine to move ships was already. 

engines, though condensing, are moved by steam of a familiar one to the minds of many persons about 

fonr times the elasticity of the atmosphere. The the middle of the last century. To put it in practice 

Cornish engines have been very elaborately perfected, with advant^e was the step required. Mr Miller's 

and they have been more carefully tested in respect first boat was taimched on Salswinton Loch in Dum- 

to performance than any others. It is perhaps not triesshire, in October 178B, and attained a speed of 

too mach to say that they do not contain a single five miles an hour. The subject was pursued by 

contrivance of any importance (beyond of course Symington and others. In 1789 a larger vessel was 

what they have in common witii the atmospheric propelled on the Forth and Clyde Canal. Subse- 

engine), which was not the unaided invention of Mr qnently, however, the invention languished. The 

Watt. want of co-operation, of capital, and ingenuity, na- 

(^*) In the Cornish engine we see the Energy of Heat turally extinguishes many valuable inventions. Watt 

'••^P*'- Tendered available to an extent which the inventor himself was only rescued from the same difficulty by 

himself would at one time have thought scarcely ere- the unusual intelligence of Boulton and Small, his 

dible. The combustion of a bushel of coal which in coadjutors at Birmingham. Symington was less for- 

a Newcomen's engine improved by Smeaton was tunate, as well as probably less meritorious; nnd 

capable of raising 3,000,000 pounds through one though it is well established that Fulton, who passes 

foot, in Watt's improved pumping engine raised on the other side of the Atlantic for the inventor of 

20,000,000 pounds the same height. But by the steam-ships,had8eentherelicsof Symington's second 

indefatigable skill and perseverance of enginews the experiment, we must do the Americans the justice to 

Cornish pumps now yield at least five timea the last say that the application of steam to navigation first 

amount. This, however, is not the (Jace to enter flourished in the United States. In 1807 Fulton Fallon, 

upon these details, nor can we stop to particularize started a river boat with an engine of Boulton and 

the other and various mechanical inventions intro- Watt. In 1B13 the example was tardily imitated on 

duced by Watt in the form of valves, governors, and the Firth of Clyde. The subsequent improvements 

steam-indicators. Still less can we enlarge upon the need not here be specified. They have been very 

endless and still multiplying applications of this od- great and striking, but with the exception of the recent 

mirable moving power, which ia as capable of super- substitution of the screw-propeller for paddl»- wheels, 

seding the greatest natural forces hitherto applied by they scarcely Involve any new principles.* 
man to the useful arts, as it is adapted by its easy We may briefly close what we have to say of Mr (326.) 

regulation to replace human industry in the moat Watt personally. His health was feeble from child- ''^""^ 

delicate operations ; " the trunk of an elephant, hood, but being blessed with much calmness of tem- ^f f^^t. 

which can pick up a pin or rend an oak, is as nothing per he prolonged his life to a great age, and passed 

to it.'" through its struggles, though they were to him con- 

> The double-kcting eogiiie wu planned in 1774 or 177S. The ezpuulon principl* «M flnt nsad In 1776 ; the parollel motion 

wai patented in 1784.— Watt'i Notei on Dr RoUmui'i Article. Uoblun't Mttk. Fliil., voL iL * Lord Jeffnij. 

3 For fmrtber detklli on the hlitor; of Sttam Jfavigaticn, we tbkt arUde In the Encjdopatdla ; knd Mr Bannat Woodcroft'i 
work on the lubject, London, 164S. 
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sidersble, withont seriong injury. Vexations law- lity. We find him, mechanic thongh he was, ahrink- 
Biiits connected with hia valuable pateat rights af- ing from posaible collision vrith the opinions or in- 
forded him but too much occupation and anxiety, terests of others, and in bis oarly as in hia latest 
He wrote little, and he did not covet fame. He was days, BolicitonB to avoid respoasibility. He had, in 
fond of chemistry as well as mechanics, and was well a word, throughout, the finely strung susceptibility of 
acquaintedwiththetheoryandprac^ceofthat science a man of genius, singularly at variance with the 
as it then existed. He put forth opinions on the necessity be was under of pushing bis way in the 
chemical constitution of water which, in the judg- world, and of turning his inventions to the best eom- 
ment of some, entitle him to contest priority in the mercial aceonut. Providentially he was thrown in 
discovery with Cavendish. He must have been the way of tricnds to whom, by his private character, 
versed in matbematics in his early years, as we learn he was greatly endeared, and who supplied the ele- 
from his friend Dr Robison, but there is no evidence ments necessary to the successful proMCutioa of bis 
thatheeverattemptedastrict theoryofhisownengine. schemes. The sanguine zeal of Roebuck, the com- 
Nor were his successors in this respect more fortu- mercial sagacity of the capitalist Boulton, and not 
nate. The best practical writers on the steam-engine, least, the sympathizing friendship of Dr Small, who 
up even to a late period, gave most mde and inac- was well fitted by his character and attainments to 
curate rules for computing its effects ; and it is to a mediate between Watt and the other two, were all 
Frenchman, M. de Fambour, that we owe the first essential to the realization of the imiM^ved steam- 
philosophical, and, at the same time, elementary engine. 

analysis of this noble machine. When Mr Watt was finally relieved of the oppres- (328.) 
(337.) Much light has been thrown upon the diaracter of sion and chicaneries of his opponents in the courts CIom of bis 
b'rMt* ^■" ^y "*^ recent publication of bis correspondence of law, be was settling down into a peaceful old age. '''•■ 
of Wmtt, ^7 ^^ Muirhead.' We there see the pressure of phy- He probably hoped to live ovef again some of the 
MDilJiBGd. sical infirmity, and mental despondency and indif- scientific passages of bis yonth in sympathy with bis 
ference, under which he laboured f^m boyhood. We second son, Gregqry, who possessed a decided tasta 
learn the accumulated difficulties, arising ^m the for science, but was unfortunately early cut otF, Be- 
backward state of the mechanical arts in his time, spected and beloved by a large group of friends, many 
which delayed for years the snccessful prosecution of of whom survived him, and admired by a far wider 
his happiest, and what would appear in our day circle, he died at Heathfield, near Birmingham, 26th 
most easily realized, conceptions. We see him at August 1819. Statesmen, philosophers, and men 
tjmes ready to abandon fame and profit for the en- of the world, united in extolling the worth c^ hia 
joyment of the humblest competence with tranquil- character and the greatness oi his genius. 

§ 2. ROBIBON. — Application of Statical PrincipUt to Engineering — especially to Practical 
Maionry. COOLOMB. — Friction — Forc9 of Torsion. 

(3ES.) The namo of Ronisoir may perhaps not aj^Kar to some sense might have been considered his rivals ; 
^'''^' be sufficiently identified with any great discovery to he was eminently patient in his study of the works 
phU<»o> I'crit a place in this condensed sketch of the pro- of tiis contemporaries, and in his published writings 
pher, gress of science biograpbically illustrated. Were he laboured to render the results generally accessi- 
there no other claim, I should consider it a sufficient hie to ordinary readers, by means of laborious ab- 
one to entitle bim to at least a brief notice, that he stracta, intermingled often with highly original views; 
was by far the most important, and, as M. Arago and he explained them with conscientious energy 
hasjustly called him, "most illustrioua contributor" in his lectures to the students of Natural Philo- 
to the earlier editions of the Bncyeloptedia Britan- sophy, whom for thirty years of his life it was hit 
rt'ca. But he was also a philosopher in a high pride and pleasure to instruct Amidst these con- 
sense of the word. His knowledge was multifarious genial labours he found little time for making pro- 
in no ordinary degree. He had little of pretention longed original trains of experiment, though the spe- 
to originality, yet he hrongbt to bear upon matters dmens which he has almost inddentally left na give 
of science an unfailing amount of excellent common the fullest proof of his ability in this respect ; and 
sense, and his personal acquaiotsnce with the Arts the explanation is, I have no doubt, to be found in 
which may be called Ptulosopfaical fi^r exceeded, I the peculiar circumstances of his early life. Until 
hnsgine, that of any man of his time. Though not his settlement in Edinburgh, he passed hia time in a 
without his prepossessions, he was generous in the series of active pursuits, having much more of the 
highest degree in his estimati(»i irf others, who in character of stirring practical life than of literary ro- 
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pose or scientific contemplation. He iras thirtj-fire riority of his friend snd junior : " I was ba^qt; to 
years old when he began to lecture itt £dinburgh; find in him [Robison] a person who was bo much 
aod though an excellent working age, it is rare indeed better informed on mathematical and philosophical 
to find that the talent of diBCOvering new truths has subjects than I was."* It was by Bobieoa that 
been formed and developed so late in life. A roajor Watt bad his attention first directed to the iteam- 
pait of the great steps in science have been taken at engine ; their correspondence appears to have been 
even a much earlier period. frequent during their joint lives ; and near the close 
(330.) That Robison possessed all the elements of an of his life Watt acknowledged " his obligations to 
HI* Bml- original thinker wo shall presently endeavour to him for very much information and occasional asaist- 
TlcauTui '^'*^> '"'' ^'^ ^' excellences consisted alone in ance in his pursuits;" and in the Edinburgh professor 
eipoiitor those we have specified, he would have been a per- he found not only the zealons defender before a court 
ofKlenc*. son eminently useful in forwarding the march of of law of bis rights as an inventor, but also the first 
scimce. In fact, a few more such authors in every who expounded methodically the principles and de- 
generation would be cheaply purchased by the post- tails of the steam-engine in a manner which, at least 
ponementofsomesecond-ratediscoTerieB. Men — and uiilil lately, had not been superaeded. 

we include men of scienoe — are in too great a hurry In 1768 he left Glasgow, and the following year (332.) 
to push on (actoatedof^ by a morbid love of praise) be went to sea as tutor to a son of Admiral Knowles.jJ^/"*' 
to acquire something they may call their own, whilst His life in a man-of-war, during which he saw some 
they are little acquainted with the important contri- active service in Canada, was favourable to the dc- 
butions of their rivals in the race of fame, and of the velopment of his practical turn of mind, and doubt- 
predeoeaaon to whom they really owe ao much o£ less gave him on interest in aeamanahip, naval archi- 
what they may choose to consider tb^r peculiar tecture, and other subjects, which he afterwards 
property. To meUiodiie knowledge from time to time turned to good account; and a subsequent expedi- 
— to present discoveries in afoimdi&rent fromthat tion to Jamaica, for the trial of Harrison's Time- 
in which they were first published, and thni con- keep^, exercised him in some of the practical porta 
nect them with what is already known and whut re- of astronomy. He returned, however, to Glasgow 
mains to be clearly proved — these are real services in 1761, and attached himself with such success 
to scienoe which contribute in a very essential to Ae study of Chemistry under Dr Block that he 
manner to its progress. Bobisoii waa a teaser, not taught the Chemical Class in the university for seve* 
only to the youth of his native country, but to the ral scBsions.* £nt his active life was not at an end. 
men of science and of practice of all countries, and In 1770 he accompanied his first patron, Admiral 
of many ancoeedii^ years. Knowles, to Russia, and for some years was em- 
(331.) JoHK BoBiiON was bom in 1739, entned the Uni- ployed, first aa his secretary, superintending im- 
llfeand^ Tersity of Gla^ow at the early age of eleven, and gro- provemants in the marine establishment, and afler- 
fricndihip dnated at seventeen. His eariy tastes were directed wards as professor of Matbomatics in the naval 
witb WMt. towards Natnral Fhilost^by. He studied MatJiema- school of Cronstadt. He spoke and wrote the 
ticfl (aa io afW life) chiefly with reference to its appli- Russian language with fadlity,* and performed his 
cations. Whilat at Glasgow he formed the intimate duties to the satisfaction of all. But in 1774 heud lili ap- 
acquaintance of James Watt, then a practical instru- could not resist the honourable invitation which he J?'^'''"^''' 
ment maker. In a passage of a private paper, pub- received to fill the chair of Natural Philosophy in yenHy of 
lished first in Arago's Eto^e of Watt,' Bobiaoa, with the University of Edinburgh, where he spent the Edlu- 
hia characteristic generosity, describes hia mortifica- remainder oF his life, which terminated in January bargh. 
tion when "yet a young student" at finding him 1806, amidst incessant literary occupation, even 
much his superior in matbematicnl and mechanical when repeated attacks of a painful disorder had pre- 
kttowledge ; but M. Ar^o has omitted to ttoto that vented him from personally continuing his lectures. 
Watt was, at leaf, three years the senior, which at This brief sketch* of a career racier unusucd for (333.) 
such an age, and on such subjects, might make all a man of scienoe throws light upon Robison's pecn- (^aracier 
the difference between a beginner and a proficient, liar merits. He hod extensive, and then uncommon, "i^f^i^tj,. 
But the truth is, that with a rarely generous rivalry opportonities of acquiring information, of seeing vari- Enegeio- 
in excellence, each esteemed the other most ; for we ous countries, and of noticing their physical pecoliari- padia Jhv- 
find Watt bearing a similar testimony to the aupe- lies; ofbeingintroducedtotheirsoeietyand literature;*"""'"' 

> And dnce, in uMaw, in UnirUad't Utekanical AiwMumt ofJaitu* Watt, vol. 1., p. ili. 
■ IbU.. TOl. il., p. 2B3. 

* Tba H8. of theie lectures, written wltli cnrknu are, Imt with the me of oontinail abtireviktioni of the larger wordi for 
tlie lake of compruiion, ii now tn my poasenion, b&vlng been giiea to me by bii loa, the Ut* Sir John Roblaon. I bar* alio 
manj other* of hli HSS., whicb for the Boat part Heni to faftva been printed lu •ome form or Other. Dr Robison wu an indef*- 
tigsble pemnan, and vrrole and re-wrote hi* lecture* with great labour. He alio mad* eUborale analyaat of hi* raading, but th* 
bad habit of conWacting word* remained with faim throngh life. 

' The priTate mark* on hi* HSS. are often in the Ruaiui ' 

* A moob fiilier one wUl be found in Plajfair'* Worki, Ti 
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of tftkiog part in th« actual ezecotion of scicatific who might haT« been called upon for a scientiGc 
designs; of studying foreign languages; and of opinion (of far more neight than what generally goes 
methodizing his knowledge for the purposes of in- by the name) on almost any practical subject upon 
stmction. Every one of these influences may be which he might hare been consnlted ; and that not 
clearly traced in his writings, which will challenge merely in its general outlines, but in its strictest de- 
comparison with those of any English writer, except tails ; not only the design for a roof or a centre, 
perhaps Dr Thomas Young, for variety and fulness but the scantling of the timber to be used; themi- 
of information, and for the general soundness and nutiie of a pump or hot-air store ; the curvatures of 
strongly practical character of the mechanical know- an achromatic object-glass ; the temperament of a 
ledge with which they abound. They would also piano ; or the angle far the pallets of an escapement, 
doubtless have appeared to far greater advantage had In such matters nothing important either in the 
they been the product of his most vigorous days ; but theory or the practice of his times escaped him. His 
be was little known as a writer until the year 1793, opinions were very guierally formed on original con- 
wben he commenced a series of important contribu- siderations, supported by experiments equally well 
tions to Hie Encyelopadia BritaKnica, embracing devised and carried out. His method of finding 
at least forty-six articles, all scientific, some of great mechanically the relation between the intrados and 
length and elaboration, which were published during extrados of a properly balanced arch by means <^ 
tbe succeeding eight years, a period when he was seri- suspended pieces of chain is as ingenious as it is 
onsly afflicted with chronic disease. They embraced elementary ; but his observations on the manner in 
disquisitions on general philosophy, as in the articles which stone arches, when overloaded, break up, es- 
Philosophy and Physics ; of strict science, as in tablished on direct observation and experiment nn- 
Astronomy, Dynamics, Projectiles, Pneumatics ; of questionably gave a just foundation to the theory 
the more experimental sciences, as in Magnetism, of masonry, till then so generally and erroneously 
Electricity, Sound ; of the art of music (with which treated of by mathematicians with the preposterous 
he was practically conversant), in Temperament, abstraction of the forces of friction and cohesion, 
Piano, &c. ; — but his great strength lay in the ar- the action of which in many instances vastly exceeds 
tides in which just mechanical principles were ap- the direct efiect of gravity. 

plied successfully, and often with marked originality, But on this we must not dwell. Rohison's articles (33S.) 
to practice, as in Arch, Roof, Carpentry, and Strength on Electricity and Magnetism are deserving of nearly Writing! 
of Materials ; Resistance, Rivers, and Waterworks ; equal praise with reference to the state of knowledge ™| *'"" 
Seamanship, Steam and Steam-Engine ; Machinery, of the time. Probably there was not one author ofni.^.ii'^ 
Telescope, and Watcbwork. merit on these subjects, whatever his country or lon- 
(334.) The last-named articles (most of whioh have been gnage, whose works he hod not laboriously consulted 
Hit Mt- collected in ■ compilation, edited by Sir David and analysed the concluBions ; whilst a multitude of 
PUl»D«k Brewster, in four thick volumes, entitled Robi- ingenious experiments give evidence of the skill and 
^""^ •(»»'* Metihameal PKUoiophy) constitute a body parienceof the writer. To DrRobison we are, indeed, 
of knowledge in civil engineering which has not indebted for the apprwmmate knowledge of the pri- 
yet been surpassed in dear exposition of physi- mary law of electric attractions and repulsions ; for 
cal principles and their application — in the ex- a careful consideration of those beautiful curves 
tensive acquaintance it shows with the details of formed by iron filings round mt^nets,' to which such 
practice — and in proofs of elaborate and impar- an enlarged importance has since been given by the 
tial study of anthors, both British and foreign, on beautiful generalizations of Mr Faraday ; and I ba- 
the subjects of which it treats. Several of these lieve likewise for the first suggestion of combining 
articles have been resorted to by the most accom- the voltaic elements in a pile or column.^ Dr Rabi- 
plished engineers of our own time as stores of sound son, though for many years secretary of the Royal 
experience,andtheyh8ve been lavishly borrowed from Society of Edinburgh, published little in itsTronsac- 
by some writers on similar subjects, occasionally with- tions, and almost nothing, so for as I am aware, io 
out acknowledgment. The original matter which any periodical work. Hence his admirable adapta- 
they contain is not always easily separated from that tions of experiments were little known beyond his 
which is compiled. In every instance Dr Robison own dass and friendly cirde. 

lays daim to lees than his own share, and is so Of liis more abstract mathematical writings we (336.) 

scrupulous in quoting the names of other authors, need say little. He was thoroughly acquainted with '?'■ e***"- 

that he has unquestionably received less reputation tbe works and methods of Newton, and with nearly |i'l"."j^* 

from these Essays than he deserves. He writes like all .those of the some school, particularly of Bos- mitha- 

ggg„d a man who has himself used the saw and hammer, covich. He laboured incesstuitiy to reduce the de- nuUcU bo- 

pnctical who has had the responsibility of success or failure, monstrations of the higher mechanics and astrono- 'i'^"^ 

I Indirectly wa owe W falm ilio the lint exict determiDsUoD of the mathematiul propertiea of time curv«a, mode at hii 
naneit by Mr n^jfkir.—Sabinn't MttK. PkU., It. 330. 
■ 8e« tbe Fifth DivertMioii (b; Bir John lieiUe), p. 739. 
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tn; to their Bunplest and moat geometrical elements, daborate statement of reasons, dot ever sullied hj tlie 

pat dte result (as migbt hare been foreseenj was in Buggestionaof jealcms^orself-conceit. Had he been 

man; cases a wearisome prolixity ; and ariginality an accomplisbed analjat he must have been less dis- 

pould not be expected in these departments without tinguished in 1^ equalljr important walk in which 

^pljing the oontineotal improvements in analysis : he stood pre-eminent. The limits of human life and 

not that Dr Robiaon overlooked these ; but he took fiiculties prevents universal attainment, but he was 

little pleasure in them ; ^nd as regards Phjrsic^ As- surely no mean philosopher of whom the sexage- 

tronomy he adhered to the older methods. Having narian James Watt could say, " He wm a man of 

been so long at St Petersburg, the writings of &uler the elearett head and the most tcieTioe of anybody I 

mnst have been familiar to him, as indeed they evi- have knoum." * 

jdently were as far as regards all subjects connected Amongst tl)e contemporaries i^ Bobison was one (339.) 
with mechanics : be justly, however, considered Euler whose acquirements weije in many respects very si- "^"ij^ 
BS a superficial natural philosopher, though an in- milar to his own, and ^ho contributed, in a degree ,„fl p»tilT« 
comparable mathematidan. second to no other philosopher of his day, to pro- rtrengUi. 
(337.) As a lecturer in his own department, Bobiaon waa mote sound views in the very same branches of 
RobiMm ■•t)jQjjiogt eminent of his time, at least in Britain. That science. CaAHLSS-AuausTiM ConLOKB (bom 1736, 
a BTsr. jij^ courses were not considered popular will easily be died 1 806) was, like Bobison, addicted through life 
understood from a alight inspection of his writings, to practical enquiries, sad was intimately acquainted 
The demonstrations were long and copious, but too with all the details of the dvil engineering of his 
rapidly delivered, *'7%e singular felidty of his day. To him we owe a correct knowledge of the 
own apprehension," says Mr Flayfair, " made bim laws of ftiction in moat ordinary cases, and the right 
judge too &vourably of the same power in othera." application of them to the theory of machines, and 
The lectures must have abounded in practical details, to that of the stability of structures. In a very r&. 
which ordinary students rarely appredate ; and they markable paper, puUiahed in 1776, he analysed, from 
were defident in eTperiments, which unquestionably the basis bodi of theory and experiment, the manner 
arose from no want of the ingenuity necessary either in which columns of masonry give way under longi- 
to invent or execute them. On the other hand, the tndinol pressure ; not, as hod previously been enp- 
efiect of his discourses was greatly enhanced by posed, by flexure under the imposed weight, like a 
his striking and energetic delivery, and by the stores steel spring or a rod of deal, but by the sliding of 
of his memory, which often recalled the incidents of one portion of the column over another, at an angle 
the stirring life in which he had once been engaged ; determined by the cohesion of the stone, and capable 
and to the more thoughtful and philosophic they of being reduced to a problem of maxima and mi- 
were rendered at once attractive and elevating in no nima. This important prindple is now known to 
ordinary degree by the strain of fervent thought by apply to wrought and cast iron, and many other sub- 
which they were accompanied, and the impress which stances. 

they freqnently bore of the pure morality and ex- One of Coulomb's happiest investigations was on (340.) 
alted piety of their author. ' the force of torsion, or the resistance of wires to ^ *«••«- 
(338.) Apart from his local usefulness as a professor, we twisting ; which he showed to vary directly with the 
*'*MMi° "S**^ ^ Bobison's place in sdeoce as eminent angle of torsion, inveroely as the length of the wire, 
^nciar chiefly on account of the sagacity with which he ap- and directly as the square of its section. These me- 
plied knowledge to practice, and analysed complicated chanical prindples he applied with address to deter- 
efiects of force as manifested in engineering con- mine the viscosity of fluids, and with still more con- 
atructiona. Thia he did ao ably as to guide future summate skill and sncceas to the measurement of 
practice, and to reflect much light on the theory of electrical and magnetical forces by the construction 
solids more or less elastic and tenodous, and subject of a Torsion Balance, simUar in principle but ante- 
to the intricate strains which gravity produces. The rior to that em]doyed by Hichell and Cavendish for 
difficulty and merit of these investigations will best estimating the force of gravity. 

be gathered frxim the alow progress of his succeaaors Coulomb's researches on electridty (^ich have (341.) 

in the same field. The criticism with which his been only partially published) will be made the sub- ^'* "^ 

writings abound on the theories of even bis more ject of discussion in another chapter of this Disser- „„n,bi^ 

celebrated contemporaries and predecessors show re- tation ; they were the most auatained and elaborate Bobiun's. 

morkable acutaness, patience, and independence of of his investigations, and display very considerable 

thought. We may periiapa sometimes think him pre- mathematical resources. In this respect he had a 

judiced, but his decisions are never uttered without an superiority over KobisoD, who, as we have seen, cnl- 

> 8«« Br ehalmtn' I^t, *ol. i. Thit gift man hid ■ pMollir TeoermtioD for Dr BobbMl, mod Ii nndanlood to hava nedTad 
Imprculoiu from atCandiD); bij lacture* which matarlall; inAuanced fail future Ufa. 
■ JfMAosfruil /HvmtJMu D//(HUf Watt, 11,, p. 3B0. 
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tivated precisely the Bameliranches of sdeDce which thematician ; he concentrated his efforts more me- 

gave distinction to the career of Coulomb. When ne thodically, and displajed the results to the world (so 

comparethetwophiloBophers, we find that the former far as they were published) in a more consecutire 

was the more discursive reosoner and experimenter, and ludd form. In uprightness of character and 

and was diverted, perhaps by the copiousness of his high morality, the two philosophers bore a marled 

erudition, and the attention with which he studied resemblance. They were both suSerers from bad 

the works of others, from doing full justice to his health, and they died within about a year of each 

own original powers. The latter excelled as a ma- other, at nearly the same age. 

§ 3. Thomas Yocho — Strength of Materials, and Art of CoTUtruction (continued). — Telpoed 
— Introduction of Iron into permanent Structures. Suspension Bridges. — Tredgold; Mr 
Hodgkinson ; M. Navier. — Mr ROBEBT SlEPHEHSOir — Tubular Bridges. 

(312.) It is a circumstance not nninstructive as to the tures" (1802), into which hecondensed, insmanner 

DilBcultj progress and achievements of science, that the peculiar to himself, au incredible amount of positive 

Md '""P"^ greatest modern philosopher who preceded Newton knowledge ; in the Lectures themselves (1806), with 

thciinqnirj — Galileo — And one of the most eminent, if not the admirable "Catalogue of References ;" and in 

Into th> the most eminent, of his successors — Young — should the articles on " Bridges," and the supplementary 

""''' rti**' ^"'^^ laboured with minute and practical care, and proposidons on " Carpentry," which he contributed 

oficlidi, with corresponding success, ou a subject apparently to this Encyclopaedia — we find (stated, as usual, 

so humble and mechanical as the Strength of Mate- not without some obscurity) a multitude of theorems 

Hals, and the lUsistauce of Beams to fracture, and problems embracing the whole principles of 

Newton himself condescended to swing pendulums, construction, and based upon mechanical laws and 

and to observe the cotlieions of elastic worsted balls, the most probable interpretation of experiments. 

It is sufficient here to advert to the exceeding inic- The forces tending to alter the figure or dimensions (3*6-) 

rest of enquiries which throw so much light upon of substances usually called solid may be thus clas- ^PP"^ 

the internal constitution of bodies, and in some sified; (1.) Extending forces, or such as produce force to 

instances intimately connect them with the laws of elongation in a body when applied in a direct man- lolldt. — 

vibration of elastic media, to which so much of ner. (2.) Compressive forces. (3.) Force produ- ^*""^'*- 

Modem Physics is intimately allied. cing detrution, or the slipping of one portion of the 

(313.) The eighteenth century was in this, as in so many substance over another. (4.) Force producing flexure. 

PrognM other departments of science, sluggish and mechanic (6.) Torsion or twisting force. The resistance of bo- 

riah^th *'*'■ ^ ^'** ^I'stract and ijtra-geometrical. The dies to extension was examined by Hooke and Grave- 

eratuTj. learned labours of Euler and the Bemouillis on sande, and is held to bo directly as the area of section 

elastic curves, and the strength of pillars, were for of the body, and to increase directly as the amount of 

the most part elegant mathematical amusements, elongation produced, at least within certain limits. 

and with the exception of the experiments of Mus- The measure of this resistance Young termed (not 

schenbroek in the earlier half of the century, and the very happily) Afodulut of Eloiticity, expressing the j/iiiliiliit of 

skiKuI hut more limited researches of Coulomb at force required to produce unit of elongation (or to^^'"''9- 

itsclose.littlevaluahleinthe wayofprecisetheory or double the length) of a prism of the substance un- 

of accurat«dataderived from practice had beenadded der experiment. This quantity may be measured 

to this important branch of mechanical engineering. either by the length of a depending prism of the 

(341.) Robison, indeed, with the peculiar tact and skill substance which would produce the requisite strain, 

TbomM which I have already ascribed to him, wrote several or more simply by the strain expressed in pounds 

YoaDg. . papejig (contributed to an early edition of the Ency- or tons, which, suppoting the eloiigationt to inereaM 

elopadia Britanniea, and printed in his collected without Umit at the extending /oreet, would double 

works) full of acute observation and reasoning, the length of the prism under experiment. Thus, 

adapted to the imperfect experiments of his time, in round numbers, a bar of wrought iron an inch 

and connected by sound scientific deductions, which square will be extended ttiWit P^' hy a pressure 

are still well worthy of careful perusal ; but it was of one ton — hence the modulus of elasticity is about 

to the penetration of Dr Thouag Youno,' who par- 10,000 tons. The elasticity of wrought iron remains 

took strongly of Robison's mechanical tastes, whilst perfect to about half the breaking weight, after which 

he surpassed him in facility of mathematical resource, the elongations appear to double for each addition 

that we owe a great revision of the doctrine of the of about y), or ^ of the breaking weight Thus, in 

strength of materials. In the " Syllabus of Lee- a recent experiment by Mr Edwin Clark, a bar ttf 



' I lewTTB to the cb&pUr on OpUcs a fuller Beoooat of Young uid bU wrltlngt. 
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wronglit iron, one inch square and ten feet long, ex- It is, howerer, to Yoang that we owe the application 
tended ynSuir of il^ length for ever^ ton of weight of these principles in nnfolding their legitimate conse- 
up to 12 tons, from which point the extensions nearly quences. In a series of remarkable propositions con- 
doubled aucc«8sive1f for erery two tona of load, and tained in the writings I have quoted (344), he assigns 
the bar was finally torn asunder by 23 tons. numerical relations between the flexure of a beam 
(346.) The eompratum of bodies proceeds (like the ex- under almost every supposable circumstance, and 

OanpreH- tension) at first uniformly with the load. Some bo- the resistance of the material to direct strains. These 

tag ore*, jj^ resist compression more than extension (as cast resulta have been extensively used by all subsequent 

iron); some the reverse (as wrought iron). Sub- writers. They are not equally verified in all classes of 

stances give way under compression afi«r different substances. This, however, is not wonderful ; flexure 

foshions. Hard bodies divide into pnsms parallel to is not due to direct compressive and extending strains 

the compressing force ; slender elastic bodies bend alone ; deformation may take place in a solid without 

laterally; soft bodies bulge horizontally; bodies of appreciable change of density, thus giring rise to 

a medium hardness divide into wedges, and the sur- some of the nicest questions in molecular physics, 
faces slide along the plane of spontaneous fissure. The laws of Torsion, as I^d down by Gonlomb, (SIB.) 

IMraiton. Detrvtion marks more particularly the mode of giv- have been mentioned in the last section (340). Tonton. 

ing way by the sliding of surfaces in the interior of The mathematical investigations of Yoai^ on (S49.) 

solids. Though seldom due to force directly applied, mechanical problems were conducted with bold di- Tonog** 

it is an important element in most cases of the rup- rectness and in defiance of the generalizing methods ^|!^^j^^ 

ture of semidnctile solids. and symmetrical notation of foreign writers on such 

(847.) The force of fiexure ie that by which the resist- subjects. But his pre-eminent sagacity in laying hold 

TlrKurcof ance of the greater number of solids is most easily on the salient points of the questions he discussed, 
■ overcome, but which it is of most importance to re- and in conducting his argument to a practical con- 
sist ; as when a beam is fastened by one end into a elusion, was unequalled, and deserves imitation.' 
wall, and loaded at the other, or when it spans a A great revival in the study of the properties of (sso.) 
horizontal space. It had not escaped the notice of elastic matter, as regards strength, took place about ('■°>r>l 
James BemouIUi, Dnhamel, and other writers of the the year 1820, probably in consequence of the in-JJ^^. 
earlier port of the 17th century, that the fibres on troduction of wrought iron into the construction ofi„Q. 
the concave side of a loaded beam are in a state of suspension bridges, which has been att«nded with 
comprtsnon and not of extension, and that there is important results. 

therefore a point, or rather a line, in every beam, iB Thoius Telford, though neither the contriver of (381.) 
which the fibres are neither extended nor compressed, suspension bridges, nor the introducer of them iuto^alfaid; 
But the clear modification of the theory {»«valent BritMn,* deserves notice from the superior boldness J"S^JJ^ 
in the time of Leibnitz and filarriotte which this and solidity of the noblest work of the kind which 
consideration introduced, was probably first deve- has yet been executed — the Menat Bridge. Telford 
loped by CJoulomb, Bobison, and Young, who in their (and the same may be said of his contemporary 
respective publications insisted upon it with great Bennie) was more distinguished as a man of judg- 
jndgment ; and it is difficult to overrate its import- ment, int^rity, and experience, than as eminently 
ance in mechanical engineering, although the first original or philosophical. In this respect both yield 
great canon of Galileo remains still true, that the to Smeaton, who, with Watt, was the founder (each 
ultimate strength of a solid rectangular beam varies in his own department) of modem engineering. But 
as the breadth and as the square of the depth, the beauti^l and truly workmanlike structure of the 
The writings of Young and Bobison did not im- Menai Bridge inaugurated the era of the extensive 
mediately attract the attention of practical men, introduction of that admirable material, wrought 
and Coulomb, nho was by far the ablest French iron, into great permanent structures exposed to 
experimenter on subjects of mixed mechanics, heavy strains. Cast iron had been used much ear- 
seems to have done less on the theory of strains lier, as iu the bridge erected at Colebrookdale in 
producing flexure than in the case of torsion, which 1777 by Mr Derby, and in the very beautiful arch 
he studied with so much success, and applied to at Sunderland, which dates from 1796. The span 
such excellent purpose. Nevertheless in his memoir of the Menai Bridge is 680 feet, the whole quantity 
on the Besistance of Masonry, in the 7th vol. of the of iron used was 2166 tons, the transverse section 
" Memoireg Pretentit" (1776), he had already laid of the suspending chains or bars was 260 square 
down veryclearly theeffectofcompressiononabeam.^ inches, supporting a strain of 1094^ tons. This 

1 Baprintad in tbe Tkioria dti MaMnu Simple, Paris, 18SI. 

* A copioui Mlntion from Young't mcehuilal writing! mty be fonnd in fail JlitetU, WortM tdlUd bj Dr Paaeoek, voL IL 

* Captain fiaonel Brown ancted tha fint oonaiderabla obaln bridga in thii awnljj aeroM the Tweed in 181&. 
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was a work quite anexampled at the time of its nnder giTen circnmstoncei, in the coarseof whicli he 
erection (1826), and showed a lagacioui couGdence cam« into collision with Foisson, who gave a aome< 
in the employment of a material then comparatiTely what different theory. The aubject is one of ex- 
little trusted. treme difficulty, owing to our ignorance of the 
(3S2.) Telford nerer made ext«nnve experiments on the molecular constitution of bodies ; and it is believed 
Doia of rt- resistance of solids. Some special ones were indeed that all these inrestigations were so lar erroneous 
tUtonca. made under his direction on wrought iron in par- that they were based upon the assumption of a sinffte 
ticular, but in general he seems to have relied upon constant to represent the resistance of bodies to 
Trvdiold. *''® " ""^ MuBHchenbroek and Bnfibil. The change of form and dimension. These (form and 
Barlow uid ^^o persons who first in recent times vigorously dimension) are two very difierent things, and require 
HodgkU- applied themselves to the practical determination distinct treatment.' British mathematidans have 
*'"'' of the data of resistance so long deficient, were Tred- lately pud much attention to these enquiries, with 
gold, a private engineer, and Professor Barlow of the prospect of a solid improvement in engineering 
Woolwich. The data they ohtuned have since been theories.^ 
g^enerally used, not only in this, hot in other conn- 

tnes. Tredgold's works (on Carpentry, Strength of The art of bridging over great spaces has been (BBS.) 

Timber, &c.) show a very great aptitude id applying pushed, by the requirements of the railway system, to **' ^^"^ 

the results of science to practice, and an acquaintance an astonishing extent, and under circumstances of ^^ 

with both which ia rarely attained. Mr Eaton Hodg- peculiar difficulty. I shall connect these improve- 

kinson has made many valuable additions to Tred- ments with the name of Mr Robkbt Stephsitsoh, 

gold's work, and has contributed an excellent paper the inventor of the Tabular Bridge, a work which. 

On the strength of pillars to the Philoaophieal Trant- in its very simplicity, is a triumph of art, and being 

action* (1840.) nothing more than a hollow beam of somewhat pecu- 

«gg^. To Mr Hodgkinson we are also indebted for a liar construction, supported at the ends, it is an ad- 

Ommetry nseful investigation (in the Manche»Ur Trantae- mirable instance of a structure of which the stability 

oftb* lioru) into the figure assumed by the chains of bub- may be easily reduced to calculation. 

catanwy. p^ngion bridges. The elegant properties of the The wooden bridges of Switzerland were for along (366.) 

simple or geometrical catenary were fully in vesti- timeunequalledas skilful worksof carpentry. During (j^jJI*!^ 

gated a century and a half since by the Bemouillia the last century the Bhine at Schaffhausenwas crossed SwitMr- 

and by David Gregory, but the application of bus- by two spans of 171 and 193 feet. At Trenton, in taail ud 

pended structures of immense weight to purposes of America, the river Delaware is crossed by a wooden 

utility suggested new problems. Amongst these, bridge, of which one arch is 200 feet in span. It is 

perhaps the most interesting was the catenary of on the bow principle, an elastic wooden arch, convex 

uniform strength, in which the section of the sub- upwards, being skilfully braced and united to a level 

pending chains is made everywhere proportional to roadway passing through the spring of the arches, 

the strain which they have to resist at that particu- The American lattice bridge, very simply and skil- 

lar point Its equation was investigated by Mr Da- fiilly contrived, has great firmness, owing to the depth 

vies Gilbert in 1826. An elegant and valuable con- of the framing, and exercises no horizontal thrust on 

tribution to the geometry of catenarian curves was the piera. The widest spanned wooden bridge in the 

made by the late Professor Wallace of Edinburgh,' world, 340 feet, across the Schuylkill, at Phlladel- 

with particular application to curves of equilibration phia, designed by Wemwag, combines the bow and 

for bridges of masonry after the ingenious manner lattice principle. 

of Robison mentioned in Art. (334). In these we might see foreshadowed in some fttint (3S7.) 
(3IU.) In connection with suspension bridges, and also degree the principle of the Tubulab Bridge, thel^tobul 
U. Havlar. with researches on the yielding of elastic materials, greatest diacovery in construction of our day. But '^"' 
we must record the name of M. Navier, a very in reality the idea of it arose from a difierent con- 
eminent French engineer and writer on practical aidenition, 

and theoretical mechanicB. Hia work on suspension During the first ten or fif^n years of railway ex- (3S8.) 

bridges (1823) is one of the earliest and best. He perience, engineers had gradually acquired a correct .^^^ 

is also well known for hia phyaico -mathematical re- perception of the manner in which cast and wrought bridgw. 

searches on the yielding of elastic solids to pressure iron may most efiectn^ly and economically be formed 

* SdMmryk IVnnmctunu, vol. liv. 

* About twenty jem ago, the present writer ihowed that India rubber, wblch ponenei to mch ■ remarkable extent the 
quality which may be termed atbieal ftxibiUty, ti yet acarcely at all coptpreaiible — La fact, jnit ai mneb a* water, and no more. 
Though not otherwbe pnhllahed, he hat been In tba habit of damoniteating thb in hia annual eoarae of leetnrM. 

' ProfaMor Stokei in Camiridf Ttatuaetiotu, vol. vlii. ; Mr Clark Uaxwall in JSdJnhnyJt IWanKtioiu, Tol. ix. Mr H. 
Rankine In Cambridgi and Dublin Afatk. Jmrnal for 1851 and ISGS. Eiperimsntal data are itiU deficlaiiti bat U. Werthda 
bM lately publlahed MnD« valuable onea (which are etUl in prograM) in tba Annalu dt Chimii. 
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into girders or beams sapported at the ends, and the middle, model tubes of tbis form inTsriably gave 

Adapted for snataioing enormous loads. Sach beams way at the top. How to strengthen the top against 

irere constructed, oflen of single castings, so as to in- compressive strains was the question. The exces* 

clnde three portions ; an upper _;fan^e, alower^ant/e, si ve stiffness of corrugated iron and zinc plates (long 

andawe&,orthinnerrerticalplnteconnectingthetwo. previously used for roofs) came to the engineer's 

The relative section of the upper and lower flange was assistance. A combination of two longitudinally cor- 

made to vary with the material. In cast iron, which rugated or goffered wrought-iron plates running 

yields far more easily to tensile than to compressive along the top of the model, and forming long and 

Strains, the lower flange should be almost incom- nearly cylindrical cells, was found to give the re- 

parably greater than the upper ; in wrought iron a quired stiffness with the least increase of weight. 

slight predominance should be given to the upper Ultimately a square arrangement ofcells was adopted, 

flange for the converse reason. principally to give facility for painting and repair. 

(3SS.) Hence it will be easily understood how, when Mr The tubes were hindered from racldng by means of 

Tbe idwof Kohert Stephenson was desired to construct a rail- numerous wrought-iron frames employed to stifle 

brid d<i^ way bridge across the Menai Strait, — subject to the them, whose section resembled the letter T, and which 

rived froB ouerons condition imposed by the Admiralty, that it were called T irons. Suitable diaphragms were also 

tham, should (even at the abutments) be without lateral inserted at short distances along the tubes. The 

atruts or diagonal pieces below the roadway, — he widest spaces to be spanned at the Menai Strait were Dlmaaiiow 
should have entertained the idea of a gigantic girder 460 feet, there being two intervals of this width, and ud 
with a top and bottom flange of proportionate extent, two of 230 feet. The tubes are 30 feet high and l^S?^???'* 
with a deep vi^ uniting them, or rather of two such broad, containing a transverse section of about 1500 
girders placed side by side, thus forming square square inches of wrought iron. The weight of one 
tubes, of which the lower flanges should constitute principal tube is about 1460 tons, and its strength, 
the bottom, the upper flanges the top, and the two measured by the breaking load at the centre, above 
w«(( tbe sides. 2300 t«ns. This last number is calculated &om the 
(380.) It is not for me in this place to explain how, step experiments on the breaking weight of models, one 
ProgrcM ofby step, the idea of a tubular bridge of wrought iron of which was on no less than a sixth of the true 
tiM^i nTttn- ^ggmnej j;},^ practical shape, now to be seen at Con- scale. The boiler plates, of which the tubes are coul- 
way, and near Bangor, in North Wales. It is un- poaed, are united by mechanical pressure by means 
fortunately notorious that there has existed an un- of hot rivets ; and it may safely be affirmed that 
happy rivalry as to the share of merit due to the without this ingenious and perfect method of corn- 
several persons who of necessity were Jointly con- bination (which is due to Mr Fairbairn), the struo- 
cemed in the completion even of the design of these ture wonld have been impossible. 

astonishing works. Unfortunately for Mr Stephen- The success of this astonishing piece of engineer- (SSI.) 
son's tranquillity, the tremendous responsibility of ing has been complete ; the stifiness of the tubes, '*• «>™- 
this novel, gigantic, and costly experiment, was whether under constant pressure or during the rapid ^^^ '"*" 
thrown upon him duriog the very height of the com- transit of trains, is almost incredibly great, 
mercial and engineering excitement (not unjustly To Mr Bobert Stephenson is dearly due the credit (363.) 
called mania) which prevailed in 1845 and 1846, on of undertaking, on his sole responsihility, a project"' ^*^ 
the subject of railway projects. Instead of the un- of equal boldness and novelty, and of contriving, not J^_on,°bi' 
interrupted leisure which he required to superintend perhaps in every detail, but in its totality, the means iaTeotorj 
bia preliminary experiments, to consider his plans, by which so gignalatriumphofartandof science was 
and perform his calculations, Mr Stephenson, as well carried into effect, an honour to his own age, and a 
as every other engineer of eminence was at that time lesson to posterity. To Mr Fairbairn and Mr Hodg- uahted by 
eng^ed all day and a great part of the night in the kinson, his assistants, selected by himself much praise ^'"". 
unparalleled worry of Farliamentarj contests. As a is also due for the manner in which the experiments ^„ ^ Hods- 
matter of course, much was trusted to able, confi- were managed, and the principles established by these kiiuoii. 
dential, and highly paid assistants. The experiments educed. Mr Fairbum, a practical engineer of Man- 
on models of different forms, which alone cost many chester, well known for his experience and sagacity, 
thousand pounds, could not all be conducted in the gave to Mr Stephenson, as a matter of honour, the 
presence of the chief engineer. Yet he alone waa full benefit of both ; and his confidence in the result 
responsible for the failure or success of the plan. helped no doubt to sustain the manly courage of his 
(361.) The comparatively great strength of tubes was principal amidst a storm of opposition. Mr Hodg- 
Th« Mlla- a fact known from the time of Galileo. Their de- kinson, well known for his able enquiries into tbe 
^' feet was a liability to crumple or pucker. Round, strength of pillars and girders of difierent forms, 
oval, and rectangular tubes were tried, and the last conducted the mathematical enquiries, and deter- 
(Mr Stephenson's original conception) were, as might mined the relative strengths of the models. His con- 
be supposed, found to be stronger than the other fidence in the result was less encouraging than that 
two. When supported at the ends, and loaded in of his coadjutor, which serves to show the greatnesa 
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of the responsiWIity of the engineer-in- chief. Ab section. He was bom in 1803; edncated (in part) at Otim 
□either Mr Fairbairn nor Mr Hodgkinsoa coald have the University of Edinburgh, under Leslie, Hope, and J'"^'' 
incurred any just blame had the vast structure when Jameson ; he long occupied the chief position in the phunon. 
on the eve of completion doubled up under its own locomotive factory established by his father at New- 
weight, and blocked up, perhaps for ever, the navi- castle, having in the first place constructed under 
gation of half the Menai Strait, so neither can they his direction the celebrated " Rocket" engine which 
poBBibly claim more than a subordinate share in the gained the prize at the opening of the Liverpool 
success of the undertaking.^ and Manchester railway. To his own exertions, 
(8**.) I shall here only refer to the work of Mr Edwin both before and after that period, the locomotive 
don on Clark, the resident engineer of the Britannia Bridge, owes much of its present perfection. He surveyed 
rallwBj for farther details of its principles and construction, and principally carried through the London and Bir- 
bridgM. and to the report of a royal commission (published mingbam railway, the second great line in the kiag- 
in 1849) on the application of iron to railway struc- dom ; and he has been engaged in a large proportion 
tures, for many curious researches connected with the of the most remarkable engineering works connected 
subject of this section. In particular, we find a theo- with railways, both in this country and abroad. He 
retical and practical solution of the very delicate pro- has personally superintended the construction of 
blem of the influence of the speed of passing loads on railways amidst the blowing sands of £^ypt, and in 
the deflection of bridges, to which Professors Willis Korway with its heavy winter snows and deeply frosen 
and Stokee,and ColonBlJames,B.E.,are contributors, soil. His high personal character, both for skill and 
(360.) Mr Robert Stephenson is the son of Mr George integrity, has everynhere procured him the respect 
Stephenson, who will be mentioned in a succeeding and confidence of his profesdon and of the public. 

§ 4. BhukeL. — Self-acting Machin^.—The Thames Tunnel. — Mr BabbAGE's Calculating 
Enginet. 

(Me.) Sir Marc Isambabt Bkunbl, bom at Hacqneville career as a civil engineer, his boyish tastes having 

M»rc Inm- \^ Normondy on the 26tb April 1769, was one of the already indicated this as his natural calling. He exe- 

^ "^ most inventive mechanicians and engineers of his day. cuted some considerable works, and planned many 

As bis genius gave a strong impression to contem- more ; it is stated that he there devised the essential 

porary art, we associate his name with the progress parts of his block machinery. About 1799 be decided 

of civil engineering in the earlier part of the pre- on settling in England, 

sent century, particularly in connection with me- It is probable that his talents and ingenuity alone ^^'L 

chanism. Like most of his eminent coevals in the recommended him to a government employment at a i,rth>°LDE- 

same profession, he had not the benefit of a scien- time when the mere fact of his being a Frenchman nih go- 

tific education ; but he more than most of them sup- must have acted as a powerful obstacle to his sue- Ternmaiit. 

plied its defects by a singular capacity for correct cess. Those who recollect the vivacity and bright 

inductionandbygreatmecbanicalingenuity. Though intelligence of even his later years, will understand 

a native of France, it was in Great Britain that his that in his more active days it must have been diffi- 

talents were to find their full scope, and it became his cult to refuse Brunei at least a hearing. And it is 

thoroughly adopted country. to the credit of Lord Spencer, then one of the Lords 

(36T.) Disgusted by the horrors of the first revolution, of the Admiralty, and of (reneral Sir Samuel Ben- 

Hli Mriy ijg quitted France in 1793 in the capacity of a com- tham, inspector of naval works, that Brnnel was en- 

*'*^' mon sailor, a position far below that which either his gaged in 1802 to superintend the erection of his cele- 

birth or his intellect entitled him to hold, yet in brated block machinery. 

which be made himself remarked by his excellent The invention of self-octing machinery to super- (369.) 

disposition and mental superiority. His destination Bede the work of artisans was of course not now, ^^""^ 

waa New York, where in 1794 he commenced his The saw-mill and the spinmng-jenny were already tn ^' 

1 It bu bMD alleged thkt Mr Btepheiuon'a origiD&l proponl to allow the luspnttion chains (vbich vers prlmmrily intended to 
In and In potting togcUwr tha tabn Id their finftl potitioni) to retnKln in aid of th« rigidity of the ■trocture, Uanifetted % 
want of eonSdeace In hla owd great idea. But a diipaHionato oonalderation of fail evidence before the committaa of the 
Haiue of Commona would aloD* dearlj ibow (independent of Ur StepheuKin'i dKlaralioaa on the labject) that he was 
forced into tlie admlaaion tliat tha chains might give an ulterior guarantes against miscarriage of the vbola plan, simply M lave 
the bin from being thrown out by tha not annatural incredulltjr of those to whom a proposal so Deir, so gigantic, and affecting tha 
lives of BO many persons, as well aa so great pecuniary and other intereata, was for the fint time and suddenly propowd. Ba- 
eidea this, even his own coadjutors did not all entirely support him. Ur Hodgkinion, whose character for acientifie know- 
ledge carried great weight with the conunittae, recommended In his report the ultimata additional security of chains. 
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use, but the invendon of Brunei was not lesi im- structing other machines and strnctnrei. It wai, in 

portant aa creating an epoch in art. Not only is fact, the neceisarj contplemeat of the inTention of 

It poflaihle to execnte in a comparatively ghort the b team-engine. Watt contriTed the mighty Heart 

time, and with a prodigiona economy, objects such as which was to give a new impulse to social life, Bm- 

Uocks and pulleys, which are required in vut num- nel and others of the same stamp added limbs and 

bers and precisely alike, but the nicety and accuracy muscles, whereby its enei^es were rendered tho- 

of the manufactnro is thereby increased, and owing roughly practical. The sixteenth, serenteenth, and 

to the facility with which inanimate force may be part of the eighteenth centuries, had given to the 

concentrated on machinery, works which transcend world designs for countless mechanical contrivanees, 

the power of unaided muscular labour are as surely often highly original and ingenious. But many 

and exactly executed as those of smaller dimensions, were grounded on fallacies, and others belong to 

For example, by no enlargement of the common the doss of elaborate trifles. At that period the 

turning-lathe would it be possible to coostmct an slide-rest of the turning-lathe, the planing machine, 

accurately turned iron steam -cylinder 8 feet or more and the circular saw, were practically unknown ; at 

in diameter, which is yet readily executed uoder the least the two former, which are incomparably the 

direction of a very ordinary workman by means of moat important inTentions of their class, and which 

■team power and self-acting machinery. belong to no certain author, having almost imper- 

(370.) The block-machinery at Portsmouth constats of a ceptihly come into use — the slide-rest about the Bllda-rwt 

n* block- serieaof engines impelled by steam, and by means of end of the last century, the planing machine a(«ndpl»n- 

■"■"•"^i which thematerialsofwood and metal employed in the lately as about 1820. The former of these readily ,^^^ 

constnictionofships'blocks are reduced to exnctforma forms surfaces of revolution with geometrical accn- 

in graduated sizes, and are finally put together with racy, the latter plane surfaces, and in either case 

very little manual labour. These machines, with the the application to metals is moat important. The 

exception of the turning-lathe and circular saw, were circular saw and slide-reat form part of Brunei's 

wholly new, and, it is stated, were devised in part by aeriea of machines, and he af^rwards constmcted the 

General Bentham, who gave to Bmnel at least the former on a very great scale for the manufacture of 

benefit of his advice and previous experiments. In wooden veneers. To them he added the mortising 

some of them we have the Srst germ of implements machine, and these, it will be seen (together with the 

DOW used by every machine-maker in the kingdom ; planing engine), form the staple of the magnificent 

and the ingenuity of the movements, and the variety and varied apparatus with which, drivea by the gi- 

of effects produced, earned for this great invention a gantic power of steam, our mechanical factories are 

jost celebrity. Such a beginning could not have now so generally provided. We again repeat that 

been made without the aid of government. To con- the triumphs of art in which our generation glories, 

struct the tools was an expensive and troublesome our railroads, our locomotives, our crystal palaces, 

business, and to start the manufactory cost L.63,000, and our steam navies, would have been impossible 

which was speedily saved by the economy of the pro- feats but for the improvement of tools and the substi- 

Its rwnlto. cess. In the conrse of a year 1 40,000 blocks of no tution of steam for muscular power. 

less than 200 different patterns were produced, and Every one is, however, aware that Brunei owed his (373.) 

the number of workmen was diminished in the pro- reputation to other achievements as well as his im- TfaaTlunM 

portion of about 11 to 1. As a reward, Mr Brunei provementa of mechanical toola. The Thames Tun-'*'""^* 

reeeivedL.16,000, being two-thirdaofthefiratyeor's nel will ever be considered as his most arduous tri- 

saving, itself a sufficient proof that he was the bona umph. It is a structure of exquisite firmness laid 

^e inventor of this adnrirable apparatus, whatever in a quicksand. It will endure like the eloaetB of 

hints he may have received from his immediate an- regal Rome, when the palace and the cathedral have 

perior. crumbled to dust. Yet here also we perceive that 

(3T1.) So sacoessful an experiment produced ultimately, it was Brunei's exquisite mechanical tact and ing^ 

P*" " though with characteristic slowness, its effect on the nuity which enabled him to succeed. The problem 

w^hinln mercantile world ; nearly twenty years elapsed before of the tunnel is not one of balancing vaults ; the sta- 

such a splendid example of ingenious economy and tical conditions of stability are simple enough, and 

artistic precision was at all generally imitated. Yet it was not in the solution of auch that Brunei pecn- 

before hia death. Sir Marc Brunei saw the fruit of his liarly excelled. The practical problem was to intro- 

ingenuity almost indefinitely multiplied in the work- duce a rigid tube of brick horizontally into tbe 

shops of London, Manchester, Glasgow, Newcastle, middle of a quaking mass of mud ; and the solution 

and Binningham, and highly appreciated if less ex- was the invention of a tool which should enable men 

tensively imitated abroad. to make the excavation and to proceed with the 

(373.) The more we reflect on the comparative state of the building in safety. It was the (At«U which carried ThaiUttd. 

lion of^»- ^^^ "**'* ^"^ * eentnry ago, the more we ahall find tlie tunnel under the Thames, — a moveable vertical 

ehanbm reason to estimate highly the introduction of correct frame of cast iron, provided with thirty-six cells, ia 

lota work- and scientific ideas of machinery and of tools for con- each of which a man was placed with a pick to ex- 
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esTate t\e ana reqiured for tlie constnictioD of the gr&d&tion of wiginali^ and resoorce. But as i!liu- 

tiumd. By a simple but most ingenious contriTance, trating a class of coDtrivances altogether different 

every part of the face of unstable clay naa firmly from those of Brunei, though like them tending to 

supported by boards which leaned upon the frame or produce a great influence on the improvement of the 

shiield, whidi, in its turn, pressed agaipst &e part of mechanical arts, I will briefly refer to the Calca- 

thebrickworkoftbe tunuelalreadycompleted. Each latiug Machines of Mr Babbage, which have at dif- 

workman could remove one or more of these sn^l ferent times excited the interest of the public and of 

boards aX pleasure, and excavate a short way into scientific men. 

the yiddiBg mass before him, then advance the boards Mr Babbage was a fellow student at Cambridge (378.) 

and sustain the slippery face. When the whole face with Sir John Eerschel and Dean Peacock, and along "^^ ''^^ 

had thus undergone piecemeal excavation, the frame with them he contributed by his writings and per- **"*^'^ 

ot shield was moved bodily forwards by powerful sonal efforts to introduce into that university the 

KrewB, and the bricklayers brought up the masonry im proved Con tinentiJ mathematics. A&w years aftei 

behind, which was then beyond the reach of injury, leaving college he originated the plan of a machine 

(874.) The idea of the shield was derived, it is stated, from for calculating tables by means of successive orders 

Oomplatlon ^ ^tecitoea in the arsenal at Oiatham, showing the of differences, and having received for it in 1822 and 

aaL ' '"' <¥^ra^'^°" "^ ^ testaceous warm which bores under the following year the Bu[^rt of the Astrononiics] 

water, and which nature has }M'ovided with a protec- and Royal Societies, and a grant of money from go- 

tive covering. But the .analogy is certmuly indirect, vemment, he proceeded to its execution. It is be< 

sinoe water could hardly retard the operations of lieved that Mr Babbage was the first who thought 

auch an animal. Repeated irruptions of the Thames of employing mechanism for computing tables by 

several tiuaea dr<nun«d the work, which was as often means of dt^rences ; the machine was subsequently 

abandoned and renewed, but every difficulty waa met termed tht difference engine. la the course of his 

by fresh resources on the part of the engineer. The proceedings Mr Babbage invented a mechaiugal no- 

&ilai« of funds was a far more serious obstacle, and tation (described in the PhiioMophical TrantactionM 

government at last eame to the aid of an undertak- for 1826), intended to show the exact mutual rela- 

ing of Buoh consummate ingenuity that its compla- tlonsof all the parts of any connected machine, how- 

tion was deemed due to the honour of the nation, ever complex, at a given instant of time. He also 

The tunnel was commenced on the 2d March 1625, made himself acquainted with the 'various machines 

DMlh of and finished 25th March 1843. Brunei survived the used in the arts, with the tools used in constructing 

Brunei. completion of his great work above six years, dying them, and with the details of the most improved 

on the 12th December 1849, aged 81. workshops. Employing Mr Clements, a skilful me- 

(876.) We have not in this brief sketch glanced at one cbanist, a portion of the calculating mac h ine, very 

h^^m\^ half of his ingenious projects and successful enter- beautifully constructed, was brought into working 

prizes. Scarcely any branch of his multiform pro- order, and its success so tax answered the expecta- 

fession but received some improvement at his hand, tions of its projector. But, notwithstanding several 

The discovery of the condensation of several gases in additional grants from government, the outlay on 

1823, by Mr Faraday, suggested to Brunei their ap- this most expensive kind of work soon exceeded them, 

plication as a moving power ; and his want of sue- The part actually constructed is now placed in the 

cess did not arise from any deficiency on his part of Museum of King's College, London ; it employs 

skill or forethought He was one of the first to con- numbers of nineteen digits, and effects summations 

struct a roof of extreme lightness, somewhat resem- by means o! three orders of differences. Though 

bling those now in use for railway stations. He only constituting a small part of the intended engine, 

erected a suspension bridge in the Isle of Bourbon it involves the principles of the whole. The inventor 

on an original plan ; and he pointed out with cha- proposed to connect with it a printing apparatus, so 

racteristic shrewdness how much of the stability cf that the engine should not only tabulate the num- 

arches depends upon the cohesion of the parts, so bers, but also print them beyond almost the possi- 

that the vault may in some cases be entirely dis- bility of error. 

pensed vrith. At this stage (1834) Mr Babbage contrived a ma- (37gj 

(376.) It will be understood that we have selected Sir chine of a fur more comprehensive character, which Th« «aJ]r- 

Marc Brunei as the representative of a class, the he calls the Analytical Engine, extending the plan*^"' 

eminently ratehanieal engineers, a dass now exten- so as to develop algebraic quantities, and to tabu- 

sively multiplied, and amongst whom his son, Mr late the numerical value of comphcated functions 

Brunei, occupies an eminent position. when one or more of the variables which they con- 
tain are made to alter their values. Had this engine 

(377.) It cannot be expected in an essay like the present been constructed, it would necessarily have super- 

CaleulM- t}iat I should enter into the details of the variety of seded what had already been done. Government were 

ehlnn of 'Mechanical inventions which have now become so not unnaturally startled by this new proposal, aiid 

Mr Bab- numerous, and which have been marked by eveiy as about the same time Mr Babbage's ralations to 
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Mr Clementa were tiroken off, the difficnltiea of the arising &bm the accnmnlstioii of still Ioitot digits 

afiair became inflnrmonn table, and the conBtractiou omitted. The engine not only competes with, fadli^ 

of either engine has Cor some years been in abeyance, and accuracy, but, by means of steel ponches impreas- 

The opinions of men of science are not unanimoos ing lead, provides for the perpetuation of the nnm- 

as to the great practical importance of calculating hers in the form of stereotyped plates. The work- 

tables by machinery, but the improvements of me- manship of the whole requires no particular nicety 

chanical contrivance which the joint skill of Mr of execution, is not liable to derangement, and can by 

Babbage and Mr Clements introduced into engi- scarcely any contingency produce inaccurate results. 
neering workshops are unquestionably of great impor- Before closing this section, we may advert to im- (381.) 

tanoe to the arts. Though the details of Mr Bab- proveinents in the theory of machines by ihose who^(i>'"i8° 

bage's plans have not been published, there can be have r^arded it rather from the geometrical Bide^j^'^^L^ 

no doubt that, whether economical or not as sub- than from that of routine practice. Our FrenchjDfmk. 

stitutiona of machinery for human labour, they were neighbours have been distinguished in this respect, chloai. 

devised with remarkable skill and ingenuity, and even Camot and De Frony, MM. Hachette, Foncelet, and 

on this account merit preservation.^ Morin, have been or are accomplished mechanists in 

C380.) B^cently (1866) attention has been directed in this respect; and in the French repertories we must 

^'^■■^^' Ijondon to a simple and effective Difference Engine look for some of the earliest good scientific descrip- 

enriiM. ^ constructed and patented by M. Scheutz, confessedly tions of machinery, even when of English invention. 

on the principles of Mr Babble, though without an In England, brides Mr Babbage, Professor Willis (382.) 

acquaintance with his mechanical contrivances. The of Cambridge has shown a peculiar aptitude in this ^^°'' 

result is stated to he satisfactory. The engine deals department, and has published a very valuable work 

with fifteen digits or figures, and with four orders of onmachineryiregardt^inastrictlygeometricalsense." 

differences. Only eight figures are preserved in the To Mr Moseley we are likewise indebted for some va- 

resnlt, the others being reserved to prevent errors InaUe contributions to the theory of engineering. 

§ 6. TRBVI!FHlOE.'--^BOaGB Stbphbnsob.— TAti Locomotive Steam-Engine. — Riee and Progress 
of Railways. — M. de Fambour on Locotnotmes. 

(383.) Of all the inventions which have powerfully af- been long lost sight of by mechanical speculators. 

Ths looo- fected the interests of mankind, none have been more It was included in a patent by one Moore, a linen 

gine sDd slowly perfected, or can be less certainly traced to a draper, in 1769-' In the same year it is stated that 

tvilwmy. single individual as the inventor, than those of the Cngnot, a native of Lorraine, actually constructed 

Locomotive engine and the Railway. These two great a steam-carriage, which, like the nearly contemporary 

and essentially connected portions of the greatest hut unsuccessful efforts of his countrymen to efiect 

mechanical and commercial effort of any age or steam navigation, fell speedily into oblivion. About 

eonntry had their origin in ohscnri^. Each ap- 1773 Edgeworth of Edgeworthstown urged the con- 

peared several times to be rising into the import- stmction of steam-carriages, and at a later period ez- 

ance it deserved, hut faiiii^ the concurrence of pressed, in terms of imequivocal anticipation, the 

the fortunate circumstances which are necessary to triumph arising from their connection with railways. 

give permanence to invention, was once more for- " 1 have always thought," he wrote in 1813, "that 

gotten and was left for re-discovery at a happier steam would become the universal lord, and that we 

epoch. should in time scorn post-horses. An iron railroad 

Bkriv*^ , With r^ard to Steam-Carri^;es, passing over still wonld he a cheaper thing than a road on the com- 

eip«(laa earlier speculations, we find that Dr John Bobison, mon constmction." At Soho the movement of car- 

ofiMun- at the age of twenty-one, published a design for a riages as well as of boats by steam never was or could 

cmrrUgM. gteam-carriage in the Unwereal Magaeine for No- he forgotten. In Watt's patent of 1784 the steam- ^^t* ■"* 

vember 1767, and that he also directed Mr Watfs carriage forms the seventh article, and in the same x784.' 

attention to the steam-engine in the same year, with year* Mr William Murdoch, a member of Bonlton 

a view to this very application. The cylinder of the and Watt's establishment, made a model, acting by 

proposed machine was an inverted one, and Wattac- high-pressure steam, which drove a small waggon 

toally made a rude model on Kohison's suggestion.* round the room. Hence it required no prophetic 

Fromthis time the steam-carriage seems never to have power in Darwin, the intimate friend <^ Watt, to 

1 For hiitoiieal detail* cotuMcted with H r Babbagc'i augiaa, we Wald'i Bimry of Ot JBoyoI 5oaetp, vol. il. An •eeoimt of 
the priDciplM uid ■ction of the Difference Engine may t>e found Id tlie fdntfruf^A Awhb forJiilvlB34; and thoH of (he Am- 
lytioil Eagine in rajilor't Sefmt^ Utm/ttn, vol. ilL 

■iV«ieij)i«<yjf«4a«i™. C»mb.,lB«. * JfMi<»{«iI /ncniHoM e/ /«<• ITaH, il. 294. 

• JfwAanJeaiAH'Mitfoiua/JinMt VoK,!. 68. * TnmttatUi% of Antgo't Sing* of Watt,^.\3S>,wM. 

TOL. J. 5 T 
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write thoMoftanqncrtedliiiM m tbo Sotanie Oardm those wlteds. The cylinder was in a horixmtal po- 
(«anto i. line S80) :~ sition, and the piston-rod was projected bac^warda 
" Boon ih^ thin* arm, nneanqtiand Btnm, a&r and forwards in the line of the road towarda the front 
Drag tlM dow buga, or driT. th* npid ow," of the eamage. AooH the aqnaTe frame, supported 
(38fi.) A tomewhat longer pause now ocenrs. Bnt in I7 the wheels of the earria^ an axle was extended 
Trefi^ick igo2 we fiild Ridtard Trenthiek, a Cornish " cap- reaching a little beyond the frame on each side ; this 
vlu - Uieir ^''^ " "^ ' mine, toldng out a patent along with Yi- &xle was onnked in the middle, in a line with the 
pataatlD nan for Ae high-pieaanre steam-engine, and apply- centre of the cylinder, and a connecting-rod passing 
ISOS. jng it specifically and praetically to the moremeat from the end of the |Heton tamed this axle ronnd, 
of camages or waggons along a railway at Merthyr and produced a oontiuned rotatory motion of it when 
Tydvil in South Wales. Mr Muirheiul informs us the piston was moved backwards and forwards in the 
that Tierithick saw Mnrdoeh's model at Bedrnth in cylinder ; upon both Mids of this axle cog-wheels 
ComwalL Bat admitting this, it is plain that the were fixed, whieh worked into similar cog-wheels 
idea was mnch older still, and also that many years upon the axles of the wheels of the carriages, so that 
elapsed without its erer bong brought practically when a rotatory motion was produced in the cranked 
to bear nntil the year 1804, when Trerithick's loco- axle by the piston-rod it was oommanicated to the 
motire was actually used. axle of the lai^r or hinder wheels of the carriages, 
(see.) BiGHARs Trbtithick appears to have been one of and these wheels being fixed upon and turning round 
Account nf ^he most ingenious men of his time ; but (from the with the axle, gave a prc^essive motion to the car- 
Trerithiak. gj^^jy notices which I have been able to collect') to riage. Upon one end of the axle was fixed a fly- 
have been also of an inconstant specnlative disposi- wheel to secure a rotatory motion in the axle at the 
tion, which prevented him from bringing any of his termination of each stroke."' 

nnmerons inventions to perfection. Tet he had the We here find the cranked axle and the horisontal (388.) 
good fortune, which so many inventors have missed, cylinder of modem locomotires, both of which were 
ofmeetingwithpartnergabtaandwillingtoaasisthim departed from by Trevithiek himself, probably in 
in carrying out his designs. Amongst these was consequence of difficulties of execution. When we 
Andrew Vivian, with whom in 1802 he took out the add to this plain description, that the fly-wheel was 
patent already mentioned for the construction of high- formslied with a break, that the boiler had a safety- 
pressure engines, and their application to the move- valve or a fusible plug beyond the reach of the engi- 
ment of earri^es along rails or common roads. As neer, and that the patent includes the production of 
AppllM the first practical employer of high-pressure steam of "a more equable rotatory motion, .... by caus- 
»ufe i^M 60 to 80 lb. pressure on the square inch, Trevithiek ing the piston-rods of two cylinders to work on the 
to looomo- deserves especial notice. He borrowed the notion of said axis by means of eranks at a quarter of a turn 
tiTM on it, as well as the ingenious invention of the foar-way asunder," it is scarcely too much to say that nothing 
™y*7**° cock, from an old sdieme of Leopold's, but be orer- material was added to the design of the Locomotive 
came for the time the prejudice which had always until the inrentioa of the tiibidar boiler in 182S. 
existed even in the mind <^ Watt against its adop- The Merthyr locomotive blew up, and the preju- (389.) 
tion. His earliest engine is stated to have been eon- dice gainst high-presanre steam revived. Tbe in- Tre*>- 
nectod with a common st^e coach which ran on the ventor, in the meantime, diverted his attention to L^, g""' 
streets of London ; but his more successful and im- other sdiemes, and continued his profession as apiodu. 
portent effort was made in dragging waggons along Comish mining engineer, 

the Merthyr Tydvil railway in South Wales, which A singular circumstance <q>ened for Trevithiek a (sw.) 

was snecessfally tried on the 21st February 1804, new sphere. A Spanish- American gentleman named Hi* "ubM- 

wben the engine drew carriages containing ten tons Uville, who was engaged in working the silver mines '''"''*^' 

of bar iron for a distance of nine miles at the rate of of Peru, came to England in 1811, with a view tO(U„pp^nt. 

five miles an hour. This was unquestionably the discover an engine fit for draining those mines whose mrat. 

first sncceasful example of this modem species of hi^ elevation rendered condensing steam-engines 

locomotion. working under atmospheric pressure comparatively 

A^^ tnf '^^^ ''***^ moreclosdy at the means by which it inert. In London he met accidentally with a model 

hi* wiKina ^'^^^ accon^>lis)ied, we find still more reason to com- of Trerithick's engine, and having carried it to the 

mend the sagacity of the inv«itor. and to wonder at he^^hts of Pasco in Peru, and being satisfied with its 

the interval of nearly thirty years which elapsed be- work, he did not rest until he had returned to £ng- 

fore the general adoption of his plan. " A square land and transported mne h^^h-pressure engines in 

iron case containing the boiler and cylinder was placed 1614 to the scene of operations. In 1816 Trevi- 

behind the large or hinder wheels of the carriage, uid thick himself followed, with coining engines and pu- 

was attached to a frame supported from the ules of ri^ng fornaoes of his own contrivanoe. Had he 

> It ii itatod that the Society of Ciill Engineen hava in vain propoMd a medal for a blograpfa; of TravitUck. 
* Wood OH BaUteafi. Thii dsMriptian concapondi with TraTitblck'i ipaeiflcatkiD and drawingi. — .fi^Mrlvry of Arti, Ac, 80- 
cond &tri«i,Tol, It. 
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been « prudent sua Itii fbrbme ms now made ; but the end have lad him to a oonitnction analogous 

it ii flbUad that after a ^ear or two he retorned to to that of the laieij lamp. As matters stood, it 

this oonntry impoTariahed and diaappwnted, I am is not BorprUiag that his efforts, though highly me- 

unaoquaintod with his farther history. rit(HionB, led him slowlj and uuoertainly towards 

(Ml.) la the meantime the locomotive engine, which the goal whidi Davy, having once sighted, arrived at 

Trevithidk had long abandoned to its fate, was be- with that rapid iugtinct in which he has never been 

eoming known in the hands of a man perhaps of less surpassed. Stepheseon was left behind, but was 

genius but of ^eater sagadty and pereereranoe. rewarded by a handsome gift offered by his local 

(SOS.) Geoeos SnrHXMEOir, civil engineer, was bom in admirers, who, in doing so, naturally rather consi< 

^^^}^ 1780 near Newcastle, <^ respectable persons in the dered the difficulties overcome by their humble 

' ' ' humblest rank of lifls. His &ther was either a com- netghbonr than the strictly comparative merit of the 

mon ptmao or otherwise employed about the collie- two inventions. 

ies of the district, and young Stephenson, without Bnt it is of the locomotiveaadof the railway thai (3S4.) 

any advantages of education, began to labour for his we have here to speak. 

bread at an early agei. His work appears to have The former, we have aaeo, had bera broaght to (395.) 

hem always connected with the machiosry of the pits oonsiderable perfection by TreviUiick. An engme on >tBdiea the 

above gronnd, and not with their excavation, l^us bis plan had been constmctsdsDd used by Mr Blackett,^^".'* 

he rose gradually to be an at^;ine-maa at the wages of Wylam in Northomberland, near the {dace where ^ ' 

^**'^7 of twelveshillingsaweek. ThiswasatKillingworth Stephenson resided, and was the basis of his im- 

^"™"^*'' near Newcastle, where he showed oonsideraUe mo- provements. Blackett's engine had two cylinders, an 

chanioal ingenuity, and gradually gained the eimfi- addition of^ ascribed to StejAenson, but which, as 

denee of his employers. Having married in 1S02, we have said, was included in Trevithick's patent, 

he had a son bom the Mlowisg year, the present What he saw of the perfbnnance of this machine ap- 

Mr Bobert Stephenson, H.F., whom he brought up pears to have convinced Stephenson, once for all, of 

with the tenderest care, and whom he ever and justly the groundlessness of an opinion which then and for 

regarded with a &thcr's pride. In order to bestow long after haunted the minds of railway engineers, 

npon him the advantage of that edncadon ot which This opinion was, that the adhesion between the 

he had himself felt the want, it is stated that he made wheels of a locomotive engine and the smooth iron 

money at extra hours by mending his neighboors' surfaces of the rails mutt be insufficient to allow the 

clocks and watches, and finally, in more prosperous impulsion of the train, at least with any d^ree of 

days, sent his son to complete his education at the velocity, <n: up the smallest inclination. Trevithick dimiageg 

University of Edinbnrgb. George Stephenson never had a soheme for increasing the adhesion, and this th< fsw of 

aoqmred much book-learning himself, but by natoral ideal improvement was the subject oi repeated pa- ^J^''^* 

sagad^ and observatiiHi he attained to a sound tents, some of a singular natore, between 1802 and^,, ^^ 

knowl^ge of mechanical prind^es. We do not 1824, one of which, Blenkinsop's, provided a cog- 

daim for him, however, the character of great inven- wheel in the eng^e working into a rack on the rail, 

and cbaTH- tiveness. His skill rather lay in perceiving how f^ which was actually innsa down at leastto 1830. It 

*"' methods and contrivances already known might be is rather a singular thing that men spuming theories, 

poshed to an advantageous result. He possessed as was the fashion of the engineers of that day, and 

that ainewd decision which ingenious pereons often especially those of Smeaton's school, should have 

want, enabling him to detect what is truly valuable thought as little of an appeal to experiment on so 

in the nnmerous mechanical schemes which at any simple a matter as did the followers of Aristotle in 

time are afloat, and to devise ^ means of realizing the seventeenth oentnry, when Galileo o&red to con- 

them. He also possessed that oiMifidraee in his own vince them that light and heavy bodies ^1 equally 

judgment which is necessary to carry out principles &st. Forgetting that direet friction is always large, 

to their l«^timate extent, bnt from which feebler or and that it varies in proportion to the pressure, these 

less practical minds nsnally shrink. practical men could not get over their first impres- 

(39S.) }f ot to interrupt tiie principal topic of this section, sion, that iron mast slide on iron long before a heavy 

trivM^ I will here only mention that in 1816 he set about train could be set in motion. It was charact«4htic 

mtur inventing a safely lamp for mines at a time when the of Stephenson's decision of character, that he dis- 

lanpi reoent heavy loss of life in his own neighbourhood missed all doubts on the subject so soon as his obeer- 

had excited general attoation ; insomuch that Sir H. vations seemed distinct, and that he did not hesitate 

Davy had been specially invited, by a meeting <^ per- to carry out his belief to its consequences, and to 

sons interested, to {Mxipose a remedy. I shall in an- maintain his confidence in the locomotive engine 

other place speak c^ the result ; bnt in the meantime ^[ainst all antagonists. 

I may state, that George Stephenson made some expe- I shall not stop to particularize St^henson's first (396.) 

rimmts of his own, which, leading him in the same improvements on the locomotive, which were rather (r.BicphMi- 

track which Davy followed, that of admitting the ftnil in detail than in prindple. He saw dearly all along J^^"" 

air to the lamp through long narrow tabes, might in that if it was to work at high speeds he must in every mcDis. 



y Google 



884 MATHEMATICAL AND PHYSICAL SCIEKCE. [ffiss. VI. 

poisible way diminish the Vibrations and strains' to opening of the Liverpool and Manchester Railwsj in 
which it was suhject, and which would otheiwise ra- 1631, remained the only one, and for long afterwards 
"pidly wear out the machinery. For this purpose he the best of its class. The cranked axle contrired l^ 
proposed to connect the engine with its carriage hy Trevithick, and abandoned because it could not he 
means of steam acting on six pistons in lieu of springs, properly welded, was now restored; the heavy loco- < 
But perhaps his most material improvement con- modve was placed on strong but easy steel springs, 
sisted in the very simple one of throwing the waste wrought bon was skilfully introduced into the wheels 
11i«itMiD-'high-pressnre steam as a blast into the chimney, of the carriages, and the whole machinery was. made 
blatt. which was found to increase enormously the force of to work with precision, and to combine a degree of 
the fire, and the evaporating power of the boiler, resistance never before anticipated with comparative 
Engines having this improvement, and with two ver- lightness. The factory was established in 1821, and 
tjcal cylinders, as constructed in 1818, are, or were the first passenger locomotive was started on theDar- 
lately(1864),stil] atwork on the Killingworth railway lington and Stockton Railway in 1826. 
dragging coals at the rate of five or six miles an hour. Z ought, perhaps, to apologize for these details, (400.) 
(397.) One of Stephenson's clear practical opinions was but they illustrate so well the exceedingly gradual 
Rejects ttie this, — that the locomotive and the railway are part progressof mechanical invention, that I have thought 
fli*"™^ of one mechanism, and must be adapted to one an- them worthy of mention here.' The subsequent his- 
DMuig. other. He was not a &iend to steam-carriages on tory of the locomotive and the railway is more gene- 
common roads, and the event proved his sagacity. rally known. From the date of 1626, both grew and 
(398.) If the idea of a locomotive belongs to no one man, flourished; the railway first and most steadily; the 
Origin of still less does that of a railway, which being one of locomotive was introduced more cautiously, and met 
railwijr*. the most elementary of mechanical contrivances, with much opposition; its triumph was almost en- 
, may be traced, under some moclifications, almost inde- tirely due to the stea^ess of George Stephenson, 
finitely backwards, as a means of conveying heavy The year 1626, so fertile in speculation, produced (401.) 
loads with facility. Hence it was at first confined a series of projects for railways to an extent not oom- I^^wkr 
chiefly to quarries and collieries, especially in under* monly known, since few of them came into existence ^^~V 
ground passages or drifls. The gauge of these sub- or were even commenced for many years later. TheiB2S. 
terranean railways, or tramways, was only Bboutl6 projected capital of these companies amounted to not 
inches. The material of the rails was first wood, then less than L.30,000,000 or L.40,000,000. Bntthe 
cast iron, finally wrought iron, as being less liable only considerable undertaking which was at that time 
to wear and' to acddent. The wrought iron nul, seriously supported was the railway from Liverpool 
though not absolutely new, was first generally intro- to Manchester, and on that battle-field were fought 
duced in 1620. About the same time, or rather the great questions of the superiority of railways to 
sooner, the rails began to be made plain, that is, common roads, — of high to low velocities of tran»- 
without any vertical guide or flange to prevent the port, — and of locomotives to fixed engines, 
wheels of the carriages from leaving the rail, and the On these three important points, George Stephenson (408.) 
flange was transferred to the wheels of the locomo- was in advance both of the science and of the praO'^°P*°^<"''V 
tive. Even this was not new, for it had been ased tice of his age; and, accordingly, backed chicdy hy^^^„^^ 
by Jessop in 1789. The weight of the rails has commercial men, who had entire confidence in hisnwd*. 
been constantly on the increase. The original cast- sagacity.hehad to maintain theoonflict almost single- 
iron rails weighed only 16 lb. a yard ; the malleable- handed against general and professional prejudice, 
iron rail in 1821 weighed about 28 lb., then 38, With respect to the Railway, he had long decided in 
afterwards 64, and now rails of 80 lb. a yard are his own mind against the use of steam- carriages on 
generally used. common roads. This conclusion was scientifically 
(899.) ' One of Stephenson's first cares was to make his based on his own experiments on the fidctionof wag- 
StepbeuoD railways solid and level, and to prevent jerks at the gons on railways made in conjunction with Mr Ni- 
a>m*to the J'""^°° °^ *^^ rails. The gauge he adopted, or the cholas 'W^ood, civil engineer at Newcastle, as &r back 
lQoaiaoti*e.in^rval between the rails (nowgenerally used, except as the years 1815 and 1816. A simple dynamometergtepheii- 
onthe Great Western Railway and its branches), was of Stephenson's invention was used, and by means of*^'< <xp«- 
4 h. 8^ inches, and was derived ^om the accidental it the two fundamental propositions were established, u,"f^^i|^ 
width of the parent railways in Northumberland, that the friction is directly as the pressure, and that itoftraloa. 
Like Watt and all other innovators, his great £ffi- is quite independentofvelocity (at leastwhen the speed 
cnlty was to get the machinery of his locomotives pro- was moderate). It may be said that these proposi- 
perly made, and the great railway movement of 1825 tions were already known ; but, besides that probably 
was anticipated by the establishment in 1820 of Stef^eoson and Wood were equally unacquaioted 
an engine foctory at Newcastle, which, till after the with the writings of Coulomb, diey could not have 

1 J luve found manj coHou* det^t of tb« • 
In the Oira SngiiKur Jooroel for 184B uid 184 
«iiltn nepectiiig hit fMhor's inTontiow. 
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dJBpensed with verifyuig his remits noder circom- in eosentifJs very litdd ku been added by 25 jeu^' 

stances so pecnliar as those offtnulwayuid ft train of experience on lines of the some ^uge. Batnowcamb 

carriages. The necessity of doing so was manifested tlie struggle as to how this beantiM road was to be 

by. the opposition, and even ridicule, with which the worked ; — with horses, — by means of fixed engines, 

idea of friction b«ng in this case independent of ve- — or by locomotiTes. It was not witboat a struggle 

locity was received, showing, as has been correctly that Stephenson gained bis point. Even in 1629 

observed, " how small was the amount of science at the prejudices of the engineering profession were still 

that time blended with engineering practice." The strong against the locomotive. And it is curious to 

firictioD of even the indifferent railways of those days read in the contemporary documents with what dis- 

amountedtoonly 101b. per ton of load; consequently trust they were regarded. The clumsy expedient of 

an incUne of only 1 foot in 100 would increase by a series of stationary engines 1^ miles apart, dragging 

.one-half the resistance to the motion of a carriage on the trains byropes,wouldprobablyhave been adopted 

■a railway. Hence Stephenson det«rmiiied to con- to the disgrace of the age, but for the energy of Ste- 

struct railways having only the smallest. inclinations, -phenson and his commercial friends. A competition Tbe boo- 

and to use fixed engines for higher slopes. With re- of locomotives was at last agreed to, which took loof ve 

spect to common roods, he showed by powdering place on October 0, 1829, on a level piece of 'ail-u'^^' 

.even a l^w^I railway with sand, that tho most power- way at Riunbill near Liverpool. Thoi^h the iuakerai8£9>t 

^nl locomotives then in, use speedily came to rest; of engines had their enetgies hampered by various B^oliUL 

this, with the previous objection, overruled in his needless conditions (particularly as r^ards the weight 

mind the possibility of advantage in that case. of the engines, under the mistaken notion, thatvelo- 

(41^) With low gradients and small resistances, together city could only be combined with lightness), several 

bUitv of* *^^ '^^ proved invariability of friction with speed, excellent engines appeared ; bat tbe " Backet" made 

bigbvalo. there necessarily came into Stephenson's mind the at Stephenson's factory atNewcastie, not only gained 

citlMou practicabilityof usinghighveloudes. Ataveryearly the prize, but far exceeded in its performances the 

*"'*' period (1816) he spoke in one of his patents of con- limits assigned in the jo^tgramme. It weighed 4^ 

veying goods " at nearly double the rate at which tons, and dragged a gross load of 17 tons, at the 

they were then usually carried along railways," in rate of 16 miles an hour, but moved itself witii a 

other words, at 10 or 12 miles an hour, and this he velocity of 35 miles an hour. The "Novelty" of 

states " with no hesitation, speaking from experi- Messrs Braithwaite and Ericson was also very snc- 

ments already made," referring, no doubt, to tiiose cessful. The prize was awarded to Stephenson, and 

on friction made along with Wood about this time, this success was munly due to the admirable invon- 

Tet after nine years of farther experience, his old tion of the multi-tubular boiler, imagined by Mr 

coadjutor Wood deserted him on this grand point, Booth, and carried out by Stephenson. Todistribnte 

audinthefireteditionof his book on SaUuiayt (1626, the uot^r of the boiler in tubA, and allow the heat of 

p. 290) be disclaims the " ridicidoos expectation" the furnace to act around them, was an idea as old 

that locomotives will be seen to travel at ■' 12, 16, as tbetimeof Watt, but it did not succeed. To carry Tbe moiti- 

18, or 20 miles an hour," and scorns " the promulga- the hot air of the furnace through tnbes surrounded '^^■''■'' 

tion of such nonsense." Even in 1629 he reported to by water, was the more successful arrangement of 

Messrs Walker and Bastrick, who were referees on Booth and Stephenson, to the right working of which 

the Liverpool and Manchester Railway, "that no la- the draught occasioned by the steam-blast in the 

comotive engine should travel more than 8 miles an chimney was essential. The idea, it is said, bad oo- 

hour." If at this comparatively late period perhaps curred both in France and America, but it certainly 

the most practised railway engineer in England held remained practically inefficient, perhaps on account 

"these opinions, and that with the full knowledge of bis of the want of draught, 

fri^d Stephenson's matured convictions (which it is This invention, by increasing almost without limit (40S.) 

difficult to believe were not pointed at in this para- the evaporating power of the boiler, which is fi^^^^^ 

graph), we may imagine the opposition which the key to the efficiency of a locomotive, completed forc«n, 

plans of the latter were likely to meet with from in^ the time the skilful improvements on locomotives 

terested or even indifferent persons. and railways, which, as has been seen, we owe mainly 

(tOi.) At last a company was formed, and funds pro- to Stephenson, The comparatively trifling ameliors- 

^^^^'°" vided to construct tiie Liverpool and Manchester tions which have occurred in either, and tiie st«reo- 

Livarpool E^il**?- I* is unnecessary to state bow successfitlly typed character of even the minor arrangements, such 

BbUwb;. Stephenson conquered the engineering difficulties of as those of stations and of passenger carri^es, show 

the line, and refuted the predicted impossibility of how much the sagacity of the engineer had antici- 

crossing the Chat Moss. In every respect this rail- pated the accommodation of the public* C*^-) 

way became a model for those which succeeded, and I here close my account of Mr Stephenson and of" °™' 

> T do DOt overlgok of cooru the modiflcmtioat {atrodoced in tha brosd-gkoga ajatem of tha OreU Waatara Bsilwaj. Ur 
Bmnal Indeed triad to ahow how fkr he could darl&te witluat poiltUe iignrj tron Btephanaon'a pUni ; in aome pi^ata, partians 
he did n wl(h adrftntaga, yet, on tha whole, the reaulta do not ibaka Stephanaon'a position m tiM ootDmandliig eogineer of hia bm*. 
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tlM t^m; B^itetn. The IoooiaotiT« n^ns wiU onr rmr. To H. ds pRmboiiF m an indebted^ for 1^ U- de Ptm- 

nnuiB BS an invention entirely diatinct &om those fturthebeatacconntof the Omenta of foreeoontuned^l°^^"'^^ 

created by the genina of Watt. It ii in reali^ in,- in the loeomotiTs, and of the resistances which thejio^l^^ 

d^iendeat of his great principle of separate oondea- hare to OTeroome ; bat it is not to be doubted thwt U>m. 

■ation. Xt has a powo- of adaptation uid a perfection mnch jet remains to be done in this direotion. 
of perfamiance more astonishing than an j contrivai)oe G«4»^ Btephensm died 1 2tfa August 1 848, at the (407.) 

of our time, except perhaps the electric telegraph, age of sixty-dght, and generally respected for bis ^f^^*"**™ 

In 1662, Jerome Cardan took tweoty-three days to private chancter as well as for his talents. His sou ^^|^ 

travel from London to Edinburgh; that the same bad die honour ofcomjdeting the second great railway 

should be done 300 years later in eleven hours, and work in Britain, from London to Binnin^am, and 

every day, is a fact as striking as any which the pro- by the invention of the tubular bridge, described in 

gresa of science piesoits. Whilst to Trevithick and a previous section, be has added the most important, 

Qeorge Stephenson we are mainly indebted for these as well as the moat scientifio auxiliary to the exten- 

results, the theory of the steam-engine ta still in ar- aion o[ railw^a sinoe 1830. 

{ e. Hydrodynamxeti, DuBUAT, VnKTUHt, FrofesBor Stoebb. — Frietion and RenMtamee of Fluida. 
MM. Wbbke, Mr Soott Rueubli.. — Propagation of Wave*. Infiumot on Canal Naviga- 
tion. MM.FouHirETBOSan(iFoiroBLBT. — Improved HydrauUcifaeMnet 1 Twrtthe. Reference 
to the subject of Capillarrf Attraction. 

(406.) There are few subjects less adapted for the kind with much sagacity, the e^cts of the fridioii of 

Prw'Mo'of discassion which I have adopted in this Disserta- Boida against their own particles, and against the 

iwnlfti^' ^'*" '^'^^ HydrodynamicB, whether in its abstract or sides of the solid bodies used to confine them. He 

practical form. Not only is it difficult to fix upon had the full advantage of an acquaintance with the 

individnala who, in ^e more recent progress of the Abbe Bossut's excellent experiments and judicious 

anlgeot, have attached themselves to it in so especial writinga, but he was, I believe, the first who enc~ 

a manner as to have impressed the science with the oeeded in ascribing to the different forces which act 

individual character of their own minds, but the pro- on fluids in a state of uniform motion their effectiTe 

gresa made in either branch has been of a remarkably share in determining their velocity. I refer particu- 

fragmentarykindjasnallybearingnpon the solution of larly to the discharge of pipes and of rivers. Da- A«>t at 

individual problems, and tending to the improvement bnat showed that when the motion of water in such '''■"• 

of particular machines. It must be owned, too, that circnms tan oes becomes uniform, the accelerating force 

however important in practice may be the efficiency which acts is the measure of the total reaistanoea to 

of a water-wheel or the discharge of a pipe, the so- the flnid motion, whether arising from the inequali- 
Intion of anch problems does not present the attrae- ' ties of the bed or the viacosity of the fluid. These re* 

live interest which attaches to many less difficult onee aistances are assumed to be proportional to the square 

in Natnral Philosophy, As regards more general pro- of the velocity. Since they are exactly in proportion 

blems of which a diretjt solation from first principles to the length of the ppe or channel, and since the 

might appear possible, it has been found that these moving presanre increases in the same proportion, the 

are as yet so limited as to give a character ^which is velocity is independent of the length of the pipe, whilst 

generally admitted) of great bairenneaa to tne theo- the inclinatioD remains the same — a simple result not 

retical invealigationa, previously noticed. In the case of a pipe the head 

(MB.) While, then, I shall endeavour, in conformity with or superincumbent pressure may be divided into two 

my general plan, to preserve something of the bio- parts ; one, requisite to force the water into the tube 

graphical character in the history, suppressing details with the requisite velocity, which is independent of 

and many minor and even some important steps, thedistancetobe travelled; the other, whidi balances 

this section will necessarily have aomewhat of a frag- the resistance due to the length of the pipe, which 

mentary character, and its defidencieB must be sup- for a given diameter varies as the length, or if the 

plied by a reference to the numerous articlea of the slope be constant is independent of the length. 
Encyclopeedia which treat more or less fully of these The relation of the area of the stream to the peri- (^H-) 

subjects and their history. meter or mbbing surface of the channel is then teken ^f^^^J' 

into account. This ratio is called by some writers the depth. 

(410.) 1. Friction and JUiittanee of FUtid*. — ^The first meanhydrauUe dtpth. The manner in which Dubuat 

TFtet^*~ name I shall mention is that of the Cavalier Do- derives his formula (which I shall not here set down) 

and rMiit> boat, who baa the signal merit of having attri- from direct experiment, guided by a few general no- 

buted due importance to, and of having considered tions of theory, is a very good specimen Of this kind 



fluids. 
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ofindootioa, withont any pretence wliaterer of pro- and this &Tonrite problem of madieiiiattciui* wu 

seeding npon the mftthematioal fteor; of fluid* in treated hj Dubnat, in his indnctive way, ia aa able 

motion. The SBine Tiewv were aUy expounded and and practical manner. Three cases may bs ipeofied 

enlarged hj Dr BoUaon in hii excellent artide on on aocount of t^eir theoretical or pra<^io«l import- 

Kvers and Beeiatance in this Eocyelopcedia, through ance : — l$t, In the case of a body oscillating hke a 

which principally the theory of Dnboat became known pendolnm, with small velocitiee, the bodybemgim- 

in diis eonntry. Indeed, viewed apart from the tech- merged in a tesiating medinm ; 3(£Iy, The resiatanoe 

nioal valne of the enquiry, the researeh as to Uie na- to veeads floating on and propelled timmgh water ; 

toral eoonomy of rivers is a wonderful uid striking 3dly, The resiBtenoe of the air to projeetUce whose 

bnndi of tematrial physica, and one which had long velocity is very great. 

afforded a subject of anxious and perplexing enquiriea Under the first head Dobuat made those ingoniona (4lS.) 

to Italian engineers from the time of Leonatdo da experiments long overlooked, bat lately brought into Motioo of 

"Vinci, though comparatively litfie stndied elsewhere, notice, which I have mentioned in the section on theP*"^"*""^' 

The oolleeted treatises of Italian authors form an Pendulum in the obapter on Astronomy, Art. (246). 

important body of hydranlie information.' The rivers The came of the n^lect of these striking and original 

ctfthenorthofltaly.likethoseofHolland, conveying observationa has probably been correctly stated, by 

vast masses of water charged with mud under very saying that in them the pendulum was made subeer- 

IMde slopes to the aea, present a formidable difficnlly vient to hydraulic experiments, and not the theory of 

which compels attentim, — vast territories b«ng in- finids to the improved use of the pendulimi ; and tbey 

ereasingly sulgect to inundadon, as the beds of the weretbereforeoverlookedbythosewbotestndieswere 

rivers are raised by deposition above the general level oonnected with the pendulum and its applieations. 

of the soil. The {act observed by Dnbuat was, tbat a large mass 

(113.) Dubnat's fonnnlaa have been modified, and made of air (or of water in the eorresponding case) is oar- 

fo'*'"!!te* torepreBenteiperimentsbetter.bysnbseqneutwiiterB, riedtdongwith a pendulum in motion, and afiects 

impiovad. particularly by De Prony, Langsdorf, Eytelwein, and in a eennble manner the time of vibration, quite in- 

Thomas Young ; and the dischuge from mere OTifiees dependent of the diminution of gravity due to the 

has been discussed by numerous authors who have buoyancy of the pendulum. The moved mass of air 

given empirical co-efiicientB to represent the pheno- was proved by hanging a film of worsted from an 

mena. But little has been added to a philosophical arm a foot long in advanee of the moving sphere, 

view of the real laws which govern the fluid motion when it was found to be but slightly driven by the 

in tiuB ease. Nevertheless Savart and Magnus have inertiaoftbe air tiirongh which the peadnlum moved. 

made some ingenious observations on the oonstitaent Dubnat significantly calls the mass of moved air "the 

parts of efllueut streams. prow" of the moving body, and it is easy to antid- 

(413.) The vitMgity or imperfect fluidity of water is the pate the sort of effect which such a graduated oon- 

f fl^^— property most difficult to be taken into account in dition of the surrounding air from motion to absolute 

Venturi— these aikd other hydraulic problems. Itisthatwhich rest would produce. 

Coulomb, causes the veloci^ of a stream to diminish from the But the most surprising thing is, that mathemtt- (4is.) 
surface to the bottom, and from the centre to the ticians should have attempted to oompute the ^bct, Profenor 
sides; tbesepropoitions were also sought by Dubuat. or should have been in any degree sncoessful in doing ^'f.''"'' J''' 
Each layer of water m motion exerts . a dragging or so; yet after 1^ preliminary efiorte of Foisson andg^^ ^^ 
" tangential force" npon other layers, whidi {torn Green, Frofossor Stokes has introduced for the first fndu of 
any cause are comparatively quiescent ; and the ex- time a correct definition of the " index of friction" ofA"**"*- 
periments of Vbhtubi about the end of the lost cen- a fluid, and aAer great labour has succeeded in find- 
tnry, showing that a stream in motion draws towards ing 9xaet expressions for the motions of a solid sphere 
it the particles of still water with which it may be in and cylinder. This inveetdgation may be found in a 
contact, with a force sufficient to overcome consider- very elaborate paper in the Cambridge Tramaetioru," 
aide hydrostatic pressure, attracted mneh attention, in which he solves the equations found by him in a 
About tiie same time Coulomb, with his usual ad- ]»«viaus paper,' in the cases of pendulums having 
dress, made experiments on the friction of fimds by the forms just mentioned. Another interesting re- 
observing the rapidity with which cylinders osoillat- suit of his investigation is the immense efiect of fluid 
ii^ by means of torsioa in different fluids had their friction in retarding the fall of minute rain drops, 
OTiginal motion destroyed. which he states to be such as to explain satiB&ctorily 
(414.) Intimately connected with t^ friction, and oonse- the ssspeusion of clouds. In the second part of the 
•nne eafM qnent mutoal action of fluids, is the resistance which paper I have first cited Mr Stokes proceeds to com- 
2^j^~^ Aey c^fer to tiie passage of sdid bodies through them, pare his tlieorywith the observatiwis on the pen- 

■olid*. * RcKCtUa di Antori «A« trauano dtl inoto dtff ocfW, 10 Toll., 1823-26 ; uid IfuOiia RaeoQba, T TOb., 1823-40. flee slM the 

>dml»ble metbodlied c&talogue of writon on Hjdnnlica in tba ncood Tolome of Toaiig'B LfdwM on J/atmrtl PUbtplif. 
■ Vol. )>. part U.~Oti Ck« ffMt of tin inUrmilfiiclitn oflJitidt on tlumetUm afPauMnpu. 
' On tiufivtioit of FluidiiiiwiotiiM. Cunb. Tnni., Vol. tUI., part Ul. 
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dnlnm mentioiied in Art (246), and the agreement cnrre described b; minute floeliiig particle as the 
appe&rs Batisfactor^. With rwrence to Conlomb's ware passed over them. The luoal form of the trajec- I^i«t4n7 
experiments on oacilUting dieks there remains some toTyiaanellipsehATingthegreaterazishorizontalithe^^'^'''^ 
doubt whether the theory applies satisfactoiily to whole ellipse being described when the wave includes 
Tisdd fluids such as oil. a lidge fallowed hj a depression of the surface ; but 
(417.) On the very difficult and still empirical subject of if there be only an elevated wave propagated, then a 
Niv4l ar- naval arehitecture as r^;ards forms of least resist- semi-ellipse is described in the direction in which 
chlMetare. ^jjgg_ \ shall not here apeak ; but one very interesting the wave moves, and the particle returns to rest in a 
case of the resistance of fluids in canals will be noticed new position ; if the wave be a hollow one the con- 
in the coarse of this section — Arts. (422), &c verse takes place. The limits of osoillatiou diminish 
(418.) The theory of military projectiles has perhaps re- with the deptli of the fluid, particnlarly the vertical 
''**''*^ ceived no improvement so considerable during the limits ; consequently at some depth the motion of 
pnrieMilei. ■'*** ^^^ years as by the previous experiments of the particles is nearly in a short atrwght line. The' 
Robins, and the invention of the Ballistic Pendulum rapidity of the degradation of the individual motions 
referred to in the preceding Dissertation; though the depends on the relation between the length of a wave 
experiments of Borda in France, and of Button in compared to the depth of the fluid : where the wave 
thu country, have of course increased the technical is very short compuvd to the depth of fluid, the eU 
precision of artillery. Foisson has considered, in a lipaes near the surface become ordes, and the mo- 
mathematical way, some of the simpler cases of pro- tion rapidly disappears beneath ; when the length of 
jectilea movmg with a moderate velocity. the wave is great compared to the depth of fluid, 
(419.) II' -EsiperimenU on Wow*. — MM. Wbbik — Mr the motion of the parddea is nearly the same from 
Liperi- Russell. — Whilst the theory of the dilated and com- top to bottom. The conclusions of theory are on the 
minta oD pj^god waves which constitute sonorous vibrations whole confirmed by these experiments. 
■mur. ^ elastic fluids was being successfully investigated The experiments of Mr John Scott Rdssbll, so (431.) 
by Lagrange and Laplace, the case of waves in water, &r as we shall notice them, refer to two closely con- ?I^n' 
due to a disturbance of hydrostatic pressure only, nected subjects : — the transmission of waves, and uperi- 
waa attacked by the same mathematicians with far the resistance of water to vessels propelled through menia on 
lets success. It is generally allowed that the more it as afiected by waves. They are principally to be *>*<"■ 
recent and abstruse researches of Foisson and M. found in the Edinburgh Transaetiona, voL xiv., and 
Cauchy, diough very valuable as improvements in the British Association Reportfor 1837. The velo- 
pure mathematics, have been also singularly barren city of waves in troughs of di^rent depths and sec- 
of valoable results admitting of the veiy desirable tions was ascertained by allowing the wave to be re- 
confirmation of direct experiment. The greatest of fleeted at either end of the trough, which does not in 
all hydrodynamical problems, that of thelHdes, is, as any way affect the time of its propagation, and gives 
has been seen in the second section of the chapter on great facility for accurate observation, as the diatauce 
Physical Astronomy, Art, (69) tic., so exceaaively travelled over may thua become large, at the same 
complex as to be the last, instead of the first, whi<^ time that all casual and interfering waves are gra- 
analysis might have been expected to resolve, dually eliminated. The instant of the passage of 
When, on the other hand, we see the light which has the wave was ascertiuned by reflecting the light of a 
been thrown even upon it by experiments on a com- candle vertically upwards from its horizontal sum- 
paratively small scale, we learn to value them in mit. The length of the trough was 20 feet, but 
proportion to their rarity. since the wave was made to traverse it as often as 
(4S0.) The brothers Ernst HbikkichWbbeb and WiLUBLif 60 times, a distance of 1200 feet was really ob- 
ObMTTft- Wbbbb, known for many ingenious experiments in served. The waves were single or "solitary" 
2^w phyBic8,andpartionlarlyinmagnetiam,aretheauthors waves, either "positive" produced by a gush of 
iwr'on the ^^'^ useful book onwavee.^ They made experiments water from behind a sluice, or " n^ative" by with- 
nyrm of on the velocity of waves in glass troughs, by means of drawing water suddenly. Mathematicians seem not 
*■'••■ which they determined in several casea the velocity agreed as to whether or not the " solitary" waves of 
of the wave with different depths of fluid ; they also Mr Russell are to be treated as a species apart.' 
asoertmned mechanically the form of the wave, which Unquestionably it has long been known that a par- 
tfaey found to be that of the curve of sines. But the tial wave either positive or negative may be {Mropa- 
most important of the Webera' experiments is pro- gated without any farther disturbance of the fluid. 
bably the det«rmiDation of the motion of individual Theory abo shows that the velocity of a wave lon^ in 
particles of the water, which they ascertained by proportion to the depth of tht water is nearly as the 
watching from the exterior of the glass troi^h the sqnare root of the depth ; but it does not dearly ap- 

1 ITiUMiMn auf txptr i mtm it gtgrHwitt, odv iiif die ICtflm tnp/hartr JViuteMMn mit aniMWiwiv atJ dit ScJtaU umd Licit- 
w«Um. Lelpmlg,ie2fi. 

■ CompftreHr Alrrlnthaarticls'>Tldnuid Wrvm," SiuftL MOivpolitatia i Plof, 6tokM la Srituk Aitot. Stport Kfr ISiS, 
and Ur Eamihaw In Oamtirldga IVant., voL tUL 
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pear whether the distiubed or imdiBtorbed depth is genions and sstisfiactory msniier. When the boat u 

Compered to betaken. The analysis of Mr Airy seems to show dragged to most advantage, the draught of water is 

r'*H*^K? that a dMith somewhat greater than that due to the less at the stem and stem than in the centre. AU 

liad mi "tmost eSect of disturbance is to be preferred. Mr these circumstances have been very ingeniously and 

Mr Airy. Bouell also made ezpeiiments on the propagation of satisfactorily explained by Mr Airy in his paper on 

waves in channels ofdi^ientforms of section. Pro- Tides and Waves, articles (404—411). 

fessor Kelland has given a very simple expreBsi<ai Many persons (amongst whom are Colone] Henry (42*.) 

for the velocity of the wave in this case,^ which on Beaufoy, Mr Scott Russell, and the American ship- ^°"" ** 

the whole agrees with experiment builders) have bestowed much attention on the forms ^ 

(W2.) Sometime about the year 1830, attention was of vessels for ensuring speed, especially by the avoid- 

'ff°'t'^ drawn to a singular ioct connected with the resist- once of waves of various kinds graierated by ataam- 

wav« trani- ^"^ of water in the case of canal navigation. It vessels in motion. Every one who can compare the 

miMioa on was first noticed I believe in Scotland, probably on performance of such vessels during the last twenty 

craiJ n»Ti- the Porth and Clyde Canal. It amounted to this, years, and the still surface which waters navigated 

^*^' that whereas at moderate or rather slow velocities, by steam vessels now present, as if they were merely 

the resistance to a boat increases with the square cut open and closed again before and after the passage 

of the velocity, — after a certun point, not differing of the ship, instead of being tossed into dangerous bil- 

very much from 7 miles an hour, the reaistaoces not lows consuming uselessly the propelling force, will 

only cease to increase according to the same rapid readily admit that, however imperfect the theory, prac- 

law, but (KtaaUy diminUh to some extent when the tical art has made real progress in this direction, 
■peed is greater. Different experiments were made III. Xmproved HydrauUe Machmei — Tur&ine. — (425.) 

1^ th« canal proprietors with a view to meet in some B^ore condnding diis section, I will refer to the Improved 

degree the acdve competition by railways, then com- most considerable improvement made of late years ''T^™""" 

mencing, Mr Russell was employed by the directors in the application of hydraulic pressure to motive y,, ij,^ 

of the Forth and Clyde Canal, and to his experiments purposes, and I shall couple it with the names bine. 

we now refer. It appears A«m his tables that the of two French engineers, MM. Fournxyiion and 

resistances increased on the whole fastar than the Pohcblet, the former the inventor of the Tttrbine 

squares of the velocities up to 1^ miles an hour, (the machine referred to), at least in its improved 

when they suddenly diminithvi between 74- and S-J- practical form ; the latter an important contnbntor 

miles an hour by o»&-Jifth part in one experiment, to the uoeful application of hydraulics, an accom- 

and by no less thou ons-tAtrd in another.' It was plished mathematician, and the author of several 

not until about 12 miles an hour, that the reaistouce standard works connected with industrial mechanics, 
reached the same amount as at 7i miles. The defects of common vertical water-wheels, (4S6.) 

f*J^ The occurrence of tliis singular transition was Ot- whether overshot or undershot, are so great and Defecli of 

rMuiM tended with a phenomenon easily noticeable. In so notorious, that only their simplicity, and the ^1^°^ 

every ordinary case a boat in a canal drives a wave fact that in very many cases water-power costs wheeii 

before it, which is in fact a heap of water resisting next to nothing, and may be squandered with im- B*rker^ 

the boat t^increasing the pressure against its hows, pnnity, could justify their use. The advantage of '"'''- 

which wave may be called a foraed viave, having this using the simple •prettwre of a fluid as a moving 

peculiarity that it travels with the speed of the boat power bad been foreseen in that application of re-ac- 

and never quits it; whilst a /re« wave, by whatever tion called ^arifcer** 3ftU,- which, though well known 

canse excited, is propagated at a rate depending only in models, was seldom if ever applied in practice, 

on the dimensions of the canal, particularly its depth. Mathematicians were, however, aware that it offered 

Now the diminished resistance takes place when the important advont^es. Of late years a patent has been 

boat is by the force of traction portly drawn out of the taken out in Scotland for a modification of it, which 

water, and lifted np upon the wave to which its own is found, I believe, to work well. But the Tur&tn« 

motion gives rise. It is said to nde upon the wave, or horizontal water-wheel imagined by Burdin and 

and the head of water pressing agunst its bows is Foumeyron, and brought to a high state of perfection 

visibly diminished. The most advantageous rate of by the latter aboutthe year 1633,appearstoexhaust 

transportwasfoDnd tobeaboutone-thirdgreaterthan all that is valuable in Uiis mode of applying water, 
that required merely to mount the wave, which last Referring to other parts of the Encyclopedia (437.) 

depends principally on the depth of the canal. Thus for the details, I may here explain generally that Foumoy- 

on three different canals, 3^, 6^, and 9 feet deep, the Turbine consists of two parts, one a fixed cy- f?^ ' ^"^^ 

the most advantageous velocities were 8, 11, and linder or drum of small height compared to its 

I6i miles an hour. The actual velocities of the diameter; the other a portion of a cylinder ex- 

fret wave were ascertained by Mr Russell in an in- terior to the former, and moveable round it, bo that 
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the inner sorfaoe of &a moveable (^linder is all but drowned or buried aoder vator to a conaiderabls 
in contact with the circumferenoe oif the fixed cjlin- depth withoat any eensible variation in their efS- 
der. Further, water under a greater or leas hydro- ciency,thuBpreTentiiiganyinconreiiieiMefTamfloodB. 
static preuuie, and moving with the consequent velo- It is remarkable that, with theae nanifest advan- (430.) 
city, is introduced at the centre of the fixed cylinder, tages, theTurbine has been so Bparingly introduced at 
and conveyed to ite circumferenoe by channels of a least in this country. No doubt the first establiah- 
peculiar ibrm conatructed by mieaas of vertical parti- neat of it is attesded nith consideraUe expense, 
tions or guides of continuous curvature, from which M. Poncslet, an active and intelligeut officer of (131.) 
the water is discharged against float boards within Ginie, and member of the lustitut, is favourably ^- Fone«- 
the external cylinder, which are also curved, but the known by bis hydraulic observations and inventions, Vs''^" 
curvature is turned the other way bo that the parti- as well as by his skilful investigation of the effects bmst- 
tioDB in the first cylinder are where they terminate of machines, and his excellent works and memoirs wheel*. 
naarb/ perpendicular to the internal surface of the on several subjects. He has investigated witii much 
moveable or second cylinder where they commence, patience and geometrical nicety the form and dis- 
pose latter partitions or float-boards terminate ex- charges of spOutang fluids, and was one of the first 
teriorly in a direction nearly taugeutial to the outer to improve materially the ordinary water-wheels, by 
cylindric surface where the water emerges. introducing a kind of breatt-whed (which thirty-five 
(426.) The hydraulic principle of greatest possible advan- years ago was scarcely known in France) in which 
Pflncipta ^ggg j(, which these TurUnet are made as nearly as the water is conveyed without shock into oompart- 
advuitua possible to approximate is this, that the water shcdl ments on the descending side, from which again it 
in water- enter the moveable apparatat without shoeJc^ and shall was allowed to escape with all its acquired velocity 
wheel*. ^^j( it without vehciti/, being simply left behind by spent, or nearly so. The efficiency of these wheels is 
the wheel as it escapes from it. Since both these con- equal to about two-thirds of the power expended, 
ditions cannot absolutely be fulfilled, liie first part of Before the Turbine had been finally improved by M. 
the condition is left imperfect. Some secrecy is, I Foumeyron, M. Poocelet had invented an engine on 
believe, still maintained as to the forms and dimen- the same principle, in which the water enters at the 
sioos of these machines ; but their actual efficiency circumference of the horizontal wheel, and is deli- 
has been most thoroughly tested by means of Do vered at the centre. 

Prony's Friction Dynamometer^ by Colonel Morin, a I am aware how imper^t this secUon remains as (432.) 

most competent authority. His expniments leave bo a history of Hydrodynamics. Sut I must again r&piUuy 

' doubt of the admirable qualities of these machines, refer to special articles on the subject, the plan of ■-ttrietion 

In particular, the iu«/iii f/ecC compared to the theo- the Dissertation not admitting of farther detail. Ab~^^1^°' 

retical efiect represented by the fall of water expraided nothing material has been added to the doctrine of piice. 

rises higher than probably in any other hydraulic Capillary Attraction since the publications allnded 

machine, being under favourable circumstances about to in Sir John Leslie's Dissertation (although M. 

eighty ptr cent. Now water-wheels moved princi- Poisson has written a treatise on the subject), I will 

pally by the shock of the fall seldom, in the most for the sake of compression not enlarge upon it. I 

advantageous conditions, realize thirty-five percent., do so with the less regret, because I cannot regard 

often not seven per cent. This superiority of action the excessive mathematical illustration which it has 

of the Turbine is due entirely to the approximation received as altogether justified by the certainty and 

which it gives to the theoretic condition above men- due appreciation of the physical principles involved, 

tioned of perfect efficiency. such as can alone give to applied mathematics their 

(429.) But what is not less Baking in the performance distinctive value. The theory of Laplace, so far 

Power of of ^)jjg machine, is the variety of circumstances under as it was based on novel grounds, was anticipated 

of the Xvx- "'"'^'^ '' ""'* advantageously ; however great may he by Dr Young, and gave rise to several controversial 

bine. the variation in the size and velocity of the wheel, the articles by that most eminent philosophy, of which 

height of &11, and the power disposable. Turbines an account will bo found in Dr Peacoek'g Life of 

have been madeDfassmalldiameteras2feetwith the l^oun^, pages 199-210, as well as a most excellent 

encHTUOUs fall of 350 feet, making 2300 revolutions review of die subject of Capillary Attraction, which, 

pw minute. They work with nearly equal advantage indeed, by its candour and completeness, supersedes 

(relatively to the power expended) whether the supply anything which I should have felt disposed to aay 

of water he small or great. They may be completely on the subject. 



' Oupurd de Prony, bom In 1TS5. wu an eminent engineer, especially in the department of hjdranlicB, sod the autbor ofk 
Tolumbious work entitled IfouviUe ArchtUcturt Hydrauliqut 1 but hie originality nee Dot great enough to aatborJia his being 

E laced among the leadera of hii age. Ills limple invention of the fVtIn Zh/namenutrigut, or friction dynHmometer, ia the one 
y which perhapa he will be longeat remembered. It consists of an iron collar with tightening acrew, which may be claeped 
on a horiiontal wooden arbor connected with unltbrmly revolving machinery, A lever, to which a weight may be applied, is 
attached ao a« to form part of the collar. The ctaaping acrew being moderntely tightened, the collar and lerer are of ranrae 
carried round by the machinery until a weight ie applied safflcient to check the velncity, and to generate an amount of friction 
which la in fact the useful elTectof the machine fbr that velocity, and which is determined by the momeDtum of the weight ovei- 
come In oae iecotid. D« Frony waa a moet amiable man, and died in 1839, m the Sltb year of hi* age. 
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J 7. Progress of Aeawatica. Chlaosi — 8atakt, Laplae^a Correction of the Theory of Sound, 
Vibrating PUiteg amd Aeouatie Figures. Cagniard de la Tour's " Sir^e." 

(433.) Tbe mathematical theory of the pTopagation of of different gases with respect to heat, bj asoensm- 

HatbeniK- goimd, considered as a blanch of aaalTticBl mecha- ing from experiment the co-eSicient in Laplace's 

^sJ thMry jijjjg^ made fcr greater progress daring the eighteenth correction for the velocity of sound. Chladni wa« 

mntloA centnrj, in harmony with the general character of also probably the firet to notice the longititdinal os- 

of wMind. the science of that period, than the inductive doc- dilations of strings and rods which always yield a 

trinea of acoustics. Newton here, as in o^er de- note immensely sharper than the lateral vibrations. 

partmcnts, overstepping ^e limits of knowledge of By means of ^e former he ascertained the velocity 

his day, left a legacy of toil to his immediate sue- of sonnd in a variety of woods and metals, in some 

cessora. Lagrange had the most distinguished good of which it is no less than seventeen times greater 

fortune in reducing the theory of aerial tremors under than in air. These observations are not only inte- 

their most general conditions to the laws of mecha- resting in themselves, hut as throwing light on the 

nics by the calcnlua of partial differentials ; and La- constitution of solid bodies. To Chaldni we like- 

place supplied the link which was wtwiting to recon- wise owe a knowledge of the twUtmg vibrations of 

die the result with the known mechanical properties rods, which exhausts the modes of vibration of such 

of air. As the former of these matters belongs more bodies. To connect theoretically the periods of these 

properly to the period of the previous Dissertation, different kinds of movement, has been a favourite 

LipUca'i and as the beautiful discovery of Laplace has been problem with recent mathematicians, but has not eren 

corrcetioa more especially touched upon by Sir John Leslie, yet been quite BuccesBflilly performed. 

Uj^' it will be suiBdent here to recall the fact that the The determination of the velocity of sound in {*88.) 
spring of air, or the effort by which it tends to re- water, an experiment by no means difficult, was re- ^ ""W- 
expand under sudden compression or to contract to served for MM. CoUadon and Sturm, who ob- 
its former bulk when suddenly dilated, is inereaged served it on the Lake of Geneva, and found it to he 
by the heat extricated in the former case, as well as 4708 English feet per second, a result closely con- 
by its absorption in the latter. And as sonorous forming to the theoretical amount dedticed from 
pulsations are held to consist of a series of com- Oersted's obaervation on the compressibility of water, 
pressed and rarified waves whose velodty is affected II. But Chladni's experiments on the vibrations (43T.) 
by the recoil of air, it appears certain that the velo- of plates arc of still greater interest and originality. Chlidni on 
dty must be increased by this circumstance, though Though it has been affirmed that Galileo strewed ijA ^f ' 
it is difficult to determine experimentally the exact sand or light substances upon the sounding boards pUtM. 
amount. of musical instrumentB,' Chladni deservea the entire 
(43i.) The revival of experimental acoustics is due to credit of rendering this an exact method of ascertain- 
Chlulnl Ernst Chladwi a native of Saxony, but ofHungarian ing the nodal Unet or points of rest in bodies vi- 
of eiiwri. extraction, bom in 1756. Little had been done in brating in a stable or permanent manner. He first 
mental this department since the time of Sauveur, who as- applied it to plates round, square, or of diflerent 
MOMties. ccrtaJned the nature of the harmonic vibrations of figures, supported horizontally and caused to vibrate 
strings, and that of Daniel Bemouilli, who considered by applying a violin bow to their edges. Dust or fine 
the analogous case of organ pipes. We are indeljted sand strewed or sifted uniformly over such a plate, 
to Chladni for two dosses of original experiments — arranges itself in a variety of beautifiil figures, bdng Aconrtie 
his measure of the velocity of sound in a variety of tilted from the greater part of the suri^, and heaped 'k^"^- 
bodies by peculiar and ingenious methods ; and his up on those parts which are at rest in consequence of 
observations on the vibrations of plates by means of the vibratory motion of adjacent parts taking place 
the ingenious expedient of strewing them with sand simnltaneously in opposite directions ; just as the 
and other powders. nodal points of a string vibrating harmonically are 
We shall say a few words under each of these without motion on the same account. The number 
heads : — and variety of figures thus produdble in the same 
(43S.) 1. Chladni observed the velodty of sound in air plate is very great, and corresponds, as Chladni 
v«iociij of Qf different densities, and in different gaacs, by using clearly saw, to different simple harmonical vibrations 
dUFerent " ^ute of metal which was sounded by means of the of the elastic plate, being accompanied by their ap- 
B«dU ; elastic fluid required, and the resulting note enabled propriate notes ; or by the superposition of several 
him to determine by an easy calculation the speed of such modes of vibration, and of the corresponding 
propagation of the tremor. This method (using an sounds. The tract published by him in 1787 en- 
organ pipe) has been more lately resorted to by titoled, Entdechmgen eber die Theorie de» Klanges, 
Dolong for the purpose of deducing the properties contains nmneronsfignresof these appearances, which, 
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more recenti?, Savart found the means of preBerring mnsicftl notes. Frerioiu authors (for examjJc, On Uie piw- 

by transferring them to sheets of gummed paper. Chladni, Biot, and WoUaaton) haTing difiered mate- ^^^ ^ 

lliere are few experiments in physics of a more rially as to the range of audibility of repeated equi- Qgt^_ 

striking character, or which so pl^nly reveal minute distant impressions which aSect the human ear as 

and complex motions so small and so rapid as to musical notes, Sarart used a simple method, no 

be difficultly appreciated otherwise. Mr Faraday doubt original to him, but anticipated I believe by 

and Mr Wheatstone have pursued the same enquiry Robison, in which a card is held near or touching 

experimentally, and the latter has satisfactorily de- a revolving wheel, and the number of impulses 

duced the figures of Chladni's square plates &om the (each double) given to the air by every tooth as 

mechanical superposition of simple modes of vibra- it passes the card, is readily measured. He thus 

tion which are symmelxtcal and isochronous. (PAt^. found that a note occasioned by 24,000 double vi- 

Tratu. 1833.) By so doing he has succeeded better bradons in a second is perfectly audible; and, at 

than the mathematicians, whose results on this sub- the other limit of the musical scale, from seven to 

ject have been very little practical eight equidistant beats constitutes a sound having 

(tas.) Chladni was the first to make experiments on the a distinct pitch. According to Savart, two conse- 

InbodlM vibrations of bodies whose elasticity varies in dif- cutive double impuUes of whatever duration are suf- 

^nZin.1 ferent directions. Thus he cut plates outof differeut ficient to convey to the ear the sensation of pitch. 

•Uitlolty. kinds of wood, and found the nodal curves unsym- But a more elegant and accurate instrument for 

metrical in difierent directions depending on the the numeration of sonorous pulsations is the Sirin« Strtnt of 

coarse of the fibres. The experiments were naturally of M, Cagitiabd db la. Took, unqnestionably one "f ^"^T^'* 

afterwards employed to illustrate the theory of ellip- the most exact and satisfactory additions lat«1y made ^^ 

soidal waves on the undulatory hypothesis of Optics, to onr experimental apparatus. In it a current of 

(439.) The experiments of Chladni procured for him the air is repeatedly iatemipted and renewed, giving 

" especial notice of Xapoleon, by whose wish one of rise to a series of impulses similar to those of the 

his works was translated into French. He died in toothed wheel ; and this apparatus is ingeniously 

1827tand besides his acoustical discoveries, he will contrived, so as to maintain its own motion, and 

he remembered by the sagacity and boldness with record its indications. It is by far the most accu- 

which he maintained the popular opinion of the rate known method of ascertaining the pitch of a 

fall of heavy meteors t^m the sky, contrary to the given note. It may also he worked with water, 

prevalent scepticism of philosophers, Chaldni's sue- Bobison had also the merit of the primary idea of 

cess in establishing this important fiact in natural the Sirene, by making a stopcock revolve ra|ndly 

history is due, like his other physical inductions, to whilst applied to a tube emitting a blast of air. (3.) 

the constancy and simple-mindedness with which he Savart extended the researches of Chladni by means Sarart on 

attached himself to a strictly definite enquiry. of sand to many new cases, and with interesting ^j^ ^^*' 

(140.) ^'e most not here enlarge upon the ingenious and results ; in particular he exhibited the e&cts of the aoUd*. 

Toong— important investigations of Dr Thomas Young con- unequal mechanical elasticity of crystals cut in dif- 

^'''*°°' nected with acoustics. Being chiefly connected with ferent directions. He has also examined with great 

his admirable Theory of Light, they will be noticed care and ingenuity, the nature of the vibrations which 

in the chapter on Optica. The peculiarly practical occasion the accumulations of sand on the nodal 

and sagacious views of Dr Robison connected with lines of plates, and he comes to the conclusion that 

the Theory of Musical Instnmients and Acoustics they are determined by simultaneous transverse and 

generally, mast also be passed over, longitudinal movements (the latter of which are po- 

Sa^t^'^ In FxLiz Savaktwc find a man like Chladni who rallel to the surface of the plate). In proof of this 

was espedally devoted to a single and drcnmscribed he shows that in long rods or hollow cylinders, the 

branch of sdenoe — acoustics. Hispublishedresearches position of the nodes is intermediate and opposed 

are almost all detached notices in the Amialet de upon the contrary sides of the rod or hollow cylinder. 

Chimit, with a few memoirs in the publications of the Savart made many experiments on the communica- 

Institute ; and whilst they are very interesttng, exact, tion of vibrations &om one body to another ; showing 

and instructive, I doubt whether it would he possible that the molecular movements generally preserve 

to place the results in a connected and comprehen- their parallelism, so that a longitudinal vibration of 

sive view before the reader. They are therefore rather one body may give rise to transversal movements in 

to be sought in the special articles of the Encyclo- another ; and he applies this to the theory of musi- 

psdia devoted to the subject. In general they may ca] instruments. 
Propaga- he stated to refer to the fuUovring topics : — (1.) To Savart was bom at Mezi^res in the department of (ms.) 

tioD of the manner of propagation of sound through the Ardennes, on the 30th Juno 170 1 ; and died some- Biogia^il- 

m!!^ni'rf *''' '"'^ through liquids, with an attempt to explore what prematurely on the 16th March 1840. He^J*°^ 

air, &0. the manner in which sounds spread in apartments had some peculiarities of temper, amongst which 

of different forms ; an enquiry as difficult as it is was his unconquerable prejudice to everything Eng- 

important \ (2.) To the generation and audibili^ of lish. He did not even acknowledge the intimation 
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of Ilia election as a fbiogn metaW of the Bojal Serersl English philosophers, la particnliLr Pro- (us.) 
Society of Loudon, It is to bo r^^retted that Savart fessor'^lliB, Mr Hopkins, and Mr Wheatatone, ^^c^^^,^ 
never published a couuected account of hia obser- written several important detached memoirs on par- 0,0^^. 
vations. He had caused to be collected at the ColUge ticalar practical points, for which we must refer to meoti. 
d« ^riinc«, where he was professor, an unequalled col- special treatises.' The first and last of these gentle- 
lection of acoustical apparatus, a great deal of which men, together with some Germans, have approzi- 
was contrived by himself, and where he delivered mated in some degree to the formation (on empiiical 
extensive couraea of lectures on this subject alone. priudples) of a speaking machine. 



CHAPTER V. 



§ 1. TbOHAB YouHO. — The UndulaAory Theory of Light. — Itt history from the time of Hoohe 
and Hvygeae. — The Law of Interference. — Ite appUeation to Diffraction — to the RaifAow 
— and to other Muhjeeta. — The Theory of Polarisation referred to another aection. 

/^^^ ^ Ths history of Optics in the eighteenth century is with a man altogether beyond the common standard, 

Bukll pro- one of the blankest pagea of scientific atory ; at least one in whom natural endowment and sedulous cvl- 

g"^of if we allow Bradley's discovery of aberration to be (aa tivation rivalled each other in the production of a 

Sie'lSth ^' ^(^lly is) rather an astronomical than an optical true philosopher ; nor do we hesitate to state our 

c«oturj, discovery. The most notable advance was unquea- belief that since Newton, Thomas Yoxnsa atanda un- 

tionably the invention of the achromatic telescope rivalled in the annals of British science. 

aa narrated in the Fifth Dissertation,* founded on He was bom at Milverton in Somersetshire on the (U6.) 

the proof of Newton's oversight in the matter of dis- 13th June 1773, and his hiographersdwell with 00m- HUawly 

persion. The construction of relractiiig telescopes placency on the prodi^ee of hu youth, uncertain aa ^^"f!^ 

made rapid advancement in the workahop of DoUond, such attainmenta confeasedly are in stamping tfaegj^i^ 

whilstreflectingtelescopes, in the hands first of Short, greatness of the iuture duuncter. At the age of 

bnt far more conspicuously, of Sir William Herschel, fourteen ha had learned (principally for amusement) 

were shown to be capable of making unim^ned dis- seven languages besides his own, and besides had 

coveries. The geometrical theory of optical instm- made a point of mastering every subject, whether in 

ments was also greatly improved ; but all this led science or miscellaneous knowledge, which he had 

to little increased knowledge coQoemitig Light itself, once determined upon prosecuting. Thua, whilst 

If we except the valuable though impwfect treatises studying botany he resolved to learn how to make & 

of Bonguer and Lambert on the subject of photo- microscope, but finding in Martin's Optica the nota- 

metry, and a paper by Mr (now Lord) Brougham in tion of fluxiona, he became his own preceptor in that 

the laat years of the century, recalling attention to branch of analysis. " Ho acquired a great &cility 

the inflexion of light, the history of Ffajsical Optics in writing Latin. He composed Greek verses which 

(as that part of the science tondiiug more imme- stood the test of the criticism of the first scholars of 

diately the nature and qualities of light is now usu- the day, and read a good deal of the higher mathe- 

ally termed) is almost a blank from the publication matics. His amusements were the studies of botany 

of the Optics of Newton in 1704 to that of Young's and zoology, and to entomology, in particular, he at 

papers almost one hundred years later. that time paid great attention."* £r Young's edu- 

(^^f \ It is not therefore Irom overlooking Young's pre- cation waa almost completely private. Having been 

Tbomu dccessora that we open onr review of the recent pro- brought up according to the tenets of the Society of 

Young. gress of optics with hia diacoveriea. We here meet Frienda, he had not thought of going to Cambridge 

1 Bea ftlKiHanchtl on Somtd {Enegt. MMrop.) ; ud Wheirall'a Bitoty a/ tit Inihittiii* SatiMM, voL ti. 

* It maj b« msntionod, however, tluit the credit uiiully ucribad to Dollond must be divided, >t leait, irith Mr Hall, a pri- 
Ttte gflntlemen of WorcsiiteTshire, vho not onlj imaginad but conitructed aebromatie teleteopea u sarlj a* 1733 (Oauitmati't 
Uagaiau, 1T90, and PkiL Mag., vol. li.) The improTement by Dr Blair of Edinbursb hu been alladad to in Bir John Leall*^ 
Dlnertation. It eouiiited in enclodng flaidi in tha object gUia, of iuch compoaitioa u to diipena the (eTaral njg of Oh epeo- 
tium in the hum pnportim to <mt oiuilhn- (though uol to the lame abaolnte amount) ai the ^aM with which it ml oomtdaad ; 
thni rendering the acbromatinn mora peri'ect. 

* Memoir <^ the Life of Thomai Young, H.D. 8vo, 1831. Tha present taction of the Dluartation wa« writtra ehortlj b»- 
fore the publication of the L^t and MitctUanKnu Workt af Dr TkiOmai Ytumg, Ibr which th« pablto ii indebted to Dr PMunok, 
Dean of Ely, the poaMuion of which would bave natwtallj fKiUtated mj talk. Wharevar Di Pawnck'i information bM 
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R«*>(lMee (whic^ wcrald have been his natural destiaation), and ftent enperBdd. MothemadciaBS jrkj consider hw 
f^^'l*" entered the univerBity of Edinburgh as a medical stn- aoquaintance with their icience aa not tedmieally 
^^' dent at tite i^ of twent^^ne. Hs bad already de- comjdete, yet one of them admits that " he conld 
dined the- orertiires of aueh dietinguiBhed patrons as make a amall amonnt of matbematica go &rtber tban 
Windham and Burke, resolving to darote himself to any one else." Had he been a consununate analyst 
t^e pursuit of scienee, fbr which a medical educatioD it ia unlikely that we should baTe^ had in bim the 
seemed to him afit entraiicei — his studies being mode author of the nndulatory theory, tbe difficulties of 
nnder tbe more immediate advice of his uncle, Dr which in ite earlier stages made it unpalatable to 
Bn>c1desby. He attended Black's lectures in Edin- Laplace, Poisson, and the most considerable French 
burgh ; whether he was known to Robison I am not mathematicians. Having thought out for himself 
aware, though I should be inclined to infer that he every one of the muitifarious subjects with which he 
was from the terms in which Robieon speaks of grappled, bis writings have a striking force and ori- 
Toung when criticising his strictures upon Smith's ginality, and his reports of the labours of others are 
Harmoniet, Robison disagreed with him on this almost invariably drawn from a study of tbeir original 
point, and also about the nature of light, yet be works. His earliest principle was, that what one 
speaks of Young and of bis paper on Sound with man has done another may accomplish ; and one of 
very marked respect. More than a year before bis tbe many respects in which he resembled his great 
enrolment at Edinburgh (which took place in autumn predecessor Newton, was unbounded confidence in 
1794), he communicated to the Boyal Society of the powers of " patient thought." Not that he con- 
London a paper on vision, of which we shall pre- fined the desire to excel to purely intellectual matters, 
sently give some further account ; and was elected a What he found it worth while to do at all, he thought 
fellow of the Society when just of age. it worth doing well. He chose to be first-rate in 
(447.) From Edinburgh be proceeded to Gbttingen where dancing and in equitation ; — his penmanship waa (ia 
■t 6<ittin. be graduated ; acquiring the Clerman language, and his early days) as scrupulously elegant as his scho- 
gen sndBt leading a vivid impression of his astonishing versa- larship. 

bridge. tility of talent and powers of memory. Early in In 1801 Tonngwas appointed Professor of Ifatu- (U9.) 
1707 be returned to England, and soon after en- ral Philosophy at the Royallnstitution, where he was T°|^^* 
tered himself at Emmanuel College, Cambridge, in the coUe^ue of Davy, Young bad not the qnalifi- jy,,„„^ 
order to comply with the requisitions of the London cations of a popular lecturer, and the most important Fkilonpkf. 
College of PhTsicians, and tbns to obtain a license result of his short connection of two years with tbe 
to practice. For the next few years bis time was Royal Institution was the publication in 1807 of bis 
divided much between Cambridge and London. He I,eeturet on Natural Phihtophy, in two large quarto 
was now twenty-three years of age, and his mental volumes. It is awork peculiarly characteristic ofthe 
habits too mud formed to bend to the mles of Cam- author ; and is rather adapted fbr reference by the 
bridge study. When the master of his college intro- scholar, than to be studied as an dementary trea- 
duced him to the fellows, he is reported to have said, tise. Its condensation is each as to render it in 
" I have bronght you a pupil qualified to read lee- many places obscure ; though when read by one 
tures to his tutors," and such, no doubt, was the fact, conversant with the subject, its comprehensivenesa 
We hear little of his occupations at Cambridge, but and precision are surprising. It is a truly admi- 
we can hardly doubt that his private studies then rable monument of labour and genius combined, 
ranged over the vast fields of erudition which he af- Embracing tbe arte as well as the whole of natural 
terwards proved that he had made so completely bis philosophy, it seems to include tbe mention of eveiy- 
own; and we cannot doubt that he was then preparing thing connected with his vast subject from the 
the groundwork of his theory of optics, althongh his simplest tool ofthe artisan to de highest specn- 
discovery of interference was certainly not made at lations of Newton and Lagrange; and yet it is evi- 
Cambridge, and probably in London a^er his settle- dent, by the mastcriy manner in which he handles 
ment there in 1800.* His first paper on sound and it, that the author bad made all this mass of know- 
light is dated from Cambridge in July 1799. lc<^ completely his own. The catalogue of ref^- 
(i48.) ^ ^Bve entered into these details because they ences with vhich it closes indicates an extent of bib- 
Character throw light on the peculiarities of Young's cha- liographical research which would have done honour 
of hjj in- racter and attainments. He was to a great degree to any one who had made that an exclusive object of 
tionj, self-educated; and his studies in consequence may study. Even the plates are drawn with a studious 
be called desultory, though none would dare to call core, betokening well his own mechanical talent. 

•nablcd me la improve the tc 

Young's widely (cattcred irril 

■till higher tbe great repatati 

> See fleet, vil. of ths articl 

\g, he ipaalcB c 

n have be«D tn Welbeck Btre*^ LondoB. 



y Google 



Chap, v., § 1.] OPTICS. — YOUNG. 895 

M&nyofdiefigareB, thonghofhackneTedaulijeets, ve unotezpluaed. Tbiswuin 1864, beforeeTen New- 
represented in a norA mftnoer ; then seems not a ton was acquainted with the analysis of white l%ht. 
line drann at random. Snch figures often illnatrate Hoote's idea that yellow, or any other colour, was 
better than pages of desiription, the clearness with the result of the conflict of pulses simnltBaeoosly 
'which on auUior has concaved to himself the neoee- reaching the eye, was an assertion, adoiissible, per- 
sary results of his own principlee. An example of haps, at that time, as ej:[K«B«iDg a tact ; bnt Barely 
this may be found in Plate XXX., fig. 442 of the not a proof of interference prodocing reinforoemeat 
first Tolunte, which, as Arago relates, served to de- or annihilation of light, as taught by Young. I am 
monstrate to him, when he yisited Sr Young in not aware that Hooke ever even reiterated Ma opinions 
1616, that he and Fresnel had been anticipated on on this subject after Newton had analysed the f^a- 
one point more than they believed.^ nomena experimentally, and shown lihat the colours 
(iOO.) ^p)ie absence of algebraic formulie from this work of thin plates result from the superposition of bright 
was as characteristic of Dr Yonng as their copious and dark rings of different jmsmatic hues, each with 
introduction into articles which he subsequently con- its appropriate diameter. It was then apparent that 
tributed to the Qwtrterly Review. He had decided colour was only an indirect effect of inter^renoe. 
upon writing a book without Symbols, and he wrote But whatever may be thought of the thewies of (inS.) 
it, though it gave additional tronlde both to himself Hooke, those of Huygens deaerve a far more eminent ^"^^'^ . 
and the reader. place in history. Having already been succinctly ad- XMm^. 
(4S1.) We shall now proceed to trace the progress of the verted to in Professor Playfair's dissertation, we w3l 
uudnlatory theory of light, the greatest physico- only observe that the TraiU de la Lvwiiire (1690) ia 
mathematical discovery of our time, in the establish- an admirably composed and reasoned treatise aa the 
meat of which Young acted the leading part. phenomena of light on tlie nndulatory hypothesis. 
(Ifi3.) Undidation» of Light — Hooke and Hui/gme. — The uniformity of its propagation through the oetes- 
The undu- ijjj^ jj^ ,jf accounting for the effects and modi- tial spaces, its rectilinear course in ordinary circum- 
tbeorrot fiotiuns of luminous impressions by disturbances stancea, the laws of its reflection and refraction, are 
Ugbt — propi^ted through a very elastic medium was by there explained with a degree of ele^;ance and preci- 
Uoobe. Qo means new at the commencement of the present slon which oaght to have excited (we must think) 
century. We do not, indeed, attach much impor- general attention and assent, but for the ascendancy 
tance to the so-called anticipatiouB of Grimaldi and of Newton's authority, and the aBtonishing and beau- 
Hooke in the seventeeuth century. The former, tiful nature of the experimmts on which hia theories 
amongst his valuable experiments on the deflection of were based ; whereas Huygens referred to few expe- 
light and fringes of abadowB, had used anexpresaion riments except those of Uie simplest kind, and the 
as to illumination being diminished by the addition of phenomena of colour were (for good reasons) left 
light, which ia true in fact, and is a correct deduction chiefly out of view.' Such being the case, Huygens 
from the taw of interference as we now underBtand it. may fairly be considered as the author of tlte undu- 
Hooke, in his Mierograpfwt, asserts light to consist latory theory, which he supported by such convincing 
is "quick, short, vibrating motion ;" but his expla- proofs. 

nation of refraction by it is altogether erroneous; The fundamental principle of the Hnjgenian (W4.) 
and his application of it to the doctrine of the colours doctrine was the same as that which Hooke ad-^'P'^*~ 
of thin plates, though admitted by the candid Yonng mitted, which was probably far older thui his time,'|^ , ^^ 
- to be an antidpation (unknown to him at the time) namely, that all apace, including the interior ofdoablsre- 
of hia own, has in it no more than a germ of truth transparent bodiea, contains an ether whose pulsa- fr&Gtioa. 
(like so many of Hooke's ingenious hints, afterwards tions communicate the sense of light to the eye, as 
claimed by him aa discoveries), which yet only ex- waves in air convey to the ear impreasions of sound. 
pWns the fact on whid) it is founded by means of To this he added the assumption, that in refracting 
an additional uid gratuitous asaumption. The germ media, such aa glass, the puhationB are retarded ; 
of truth in Hooke's writings is this, that the colours whereas in Newton's theory, as is well kuown, the 
in question depend upon a mixture of the light re- propagation of light is assumed to be fastest is dense 
fleeted at the first surfiice of the thin plate with " a media. The " law of the sines " in re&action, is de- 
kind of fainter ray " propagated firom the second sur- duced as a consequence ; and one of the prettiest ap- 
&ce backwards : the gratuitous assumption is, that plications made of it ia to the phenomena of atmo- 
" this compound or duplicated pulse does produce on spherical refraction. But the most important features 
the retina the sensation of a yellow ;" why it does so of the whole investigation are these two— (I), the 

' The rahrence of Ango, la bis origin*! ilogi of Yonng, is Co p. 387 of tbe Lectwni, 
Tolume of hU (Artgo's) collected works it 1* correcMd into p. 787, whicli i> as certainl; nor 
mora probkblv the ooe referred to th«n 146, to which Dr Peacock refers {Life of Y<mng, p. 3tiaj. 

* NeTflrtbeleas the Huygenian Theorj of Light was propounded as tbe subject of a theslB st St Andrews by David Gregory, 

whilst professor of mRthemdlics there, within alrant a year of its pablicntion (including kIso Uio Hewtonian doctrine of gravUj), 
— apleuingproof of the activity which then reigned in that anirersity. Principal liM pOsseMei tbe original program me. 
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principle that tbe impresHion of a wsve of light miae, and must be held, we think, to have left behind 
on a screen is to be found by conEidering the Bimal- him no substaDtire theory of light worthy of the 
taneouB efiect of the viaveUtt propagated from all name. The question never perhapg very scriouslj 
the points disturbed at any previous moment (which engaged Ids attention after the publication of Huy- 
pointB form what is called the front of a wave), gens' book ;' and we know that about that time his 
It is only when these partial impressions concur intellectual energies received a shock which left him 
that they are strong enough to affect the sense of indisposedforthefatigueofconstmctingnewtheories, 
vision; — (2), therepresentation of the phenomenon of and still more disinclined to publish them, 
double refraction by & wave of two sheets, or the Euler, though he professed to defend an nndula- («7.) 
simultaneous prop^ation of spherical and spheroidal tory theory of light, treated the subject in a point of Enler. 
waves in one and the same medinm. Of the last of view chiefly mathematical, and betrayed that uncoa- 
thesa doctrines I shall speak in the next section in cem about physical theories which characterized a 
connection with the discoveries of Malus. With re- mind steeped in geometric abstractions. He even 
Spect to the former I may here observe that it gives retrograded ; for he did uot maintain the Huygeuian 
the only satisfactory explanatiou of the primary diffi- explanation of the cause of definite shadows, 
culty of the undulatory hypothesis, — namely, that a Young on the Uudidatory Theory — Diffraation, (iSS.) 
beam of light admitted by a hole in a screen pursues — One hundred and ten years after the publication i^f X^'*"^"!' 
a rectilinear course afterwards, instead of spreading the Traiti de la Lumiere of Huygens, Dr Thomas |^^ ^„f„ 
sideways, as do waves in water, and waves of sound. Yonng reopened the theory of light or "Physical Op — Olf&«c- 
Hnygens shows, on elementary and convincing prin- tics," as he termed it. His experiments and reasonings ''*"- 
inples, that the lateral impressions of the wave are will be found in a series of papers in the Philoso- 
rapidly extinguished by the want of concurrence of phical Transactions for 1800, 1801, 1802, and 1803,' 
the impulses which they communicate to the ether. These memoirs are of uo great length, and deserve 
This is necessarily true when the breadth of the aper- the most careliil study. They are perhaps among the 
tore is such as to exceed vastly the length of a wave ; clearest and plainest of Young's vrritings, although 
and such is alviayt the case with light, but rarely in blamed at the time for defects precisely the reverse. 
any other instance. It is, in short, only imme- Theyare eminently marked by penetration, profound 
diatdy in front of the aperture that the disturbances induction, and candour of argument. Starting from 
originating in every part of the front of the original his studies in acoustics, the transition to optical 
wave embraced within the aperture, concur in pro- questions is extremely gradual. Young was, cha- 
dncing an accordant movement on the ether. racteristically, a good musician in practice, as well as 
((SS.) This principle, more ^ly stated, by which every a profound oue in theory, and his paper of 179B is 
'^I'/ luminiferons disturbance of the ether is considered principally acoustical. In it he attaches conse- 
^-J'^ as ^e resnltant of all the pr&^idsting disturbances quence to showing that the divergence of sound from 
to which it is due, constitutes what is sometimes the direction of its emission is slower and less com- 
called the principle of Huygens, of which I shall pletethanitiscommonlybelievedtobe, andheapplies 
have more to say hereafter. theanalogy to the existenceofmyr of light and definite 
(466.) Neither at the time of its publication, nor for shadows. In one short section ho sums up the chief 
K«wt»n'i more than a century afterwards, was the value of points of optical doctrine which lead him to prefer 
^jIiI^^j^ these reasonings understood. It would be beside thetheory of Huygens to that of Newton. Amongst 
ofligbt. our present object to discnss Newton's opinions ; but the facts better explained by waves than corpus- 
it is too certain that he did not allow Huygens' argu- cles, we find reckoned Inflection and the Colours of 
ments on the undulatory nature of light to have any thin plates. But all this is stated is a very general 
weight with him. Not that he was averse (as is way, evidently rather as a conclusion towards which 
often supposed) to the presence of Ether as modify- his mind had for some time been ten^ng, than as the 
ing the corpuscnlar theory of light; on the con- result of demonstrative proofs. In his paper of 1801 
trary, in many of his minor writings he speaks of the undulatory doctrine is methodically expounded in 
its existence as all bat certain, and as a requisite asericsof propositions, accompanied by proofs. The 
odjtmct to the corpuscular hypothesis to which he accuratedefinitionof shadows is shown to be possible 
had been led by the fiu^ of reflection and refine- and natural on that theory, as well as the usual phe- 
tion.^ But he never adjusted the terms of a compro- nomena of reflection, refraction, and total reflection. 

* Thn* Nawton write* la I6T6 : — " Vsre I to ■Mume ma hypotbwli, it ibonld be thit, i[ propounded more gananltj, so ta not 
to detarmiiie wh«( llgbt is fsrUier than tbU it la aometblng or otber eapnble of exciting vlbrEttlons la tb« eCbar ; for thai it will 
iMOome so gaDwal and comprehensive of other hypothesei u to leave little room fbr new ones to be invented." And Main, — 
"Do not the moat reflrBDgiblenyaeicita the iborteit vibmtloiu [of the rstlna], the leut refrangible the largest t" — Birch's fiiM. 
oftht Boyed Smitty, quoted in Young's IxOnrti, ti. 61S, 617. Sir D. Brewater (L^t of StwUm, 186G, vol. L p. 148) coniiden 
tiiat aome paaaagee in the later edltlona of Newton'a Optiu ihow that he had departed fhmi an; theory of andalatiant. 

■ The Optiei, though pabliihed in 1T04, had been wiittan principally in 167S uid IS87 (see Preface). 

* They may be more eonvenientlr oDDaoltad ai reprmted in the second Tolame of hia Ltetam o» Ifatural FUiotopif, and in 
hil JOiciUaiwaiH Wort,, vol. 1. 
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The partial refieclioii which alvraji acoompaniea re- tha Bakerian Lecture for 1S03.^ A small hole 

fraction is strongly and justly iasisted on as an ob- being made with a needle point in a piece of paper 

TiouB consequence of the theory, while it requires a applied to a window- shutter, and a sunbeam being 

separate bypothesis on Newton's. But the chief diracted upon it by means of a mirror from witb- 

weight is claimed for the evidence from the colours out, a cone of light is thrown into a darkened room, 

of heated sur&cea, of thin plates, and of diftaeted A slip of card one-thirtieth of an inch wide being 

shadows, all of which the author explains by the held in the sunbeam, its shadow was observed on 

mixture of two portions of light conveying to the the opposite wall or on a moveable screen. There 

same particle of ether at the same time either ac- were seen fringes of colour exterior to the shadow 

cordant or opposing motions, thus redoubling or on each side, such as Newton had described, and on 

destroying the light. Of these the splendid iri- which Mr Brougham and others had made experi* 

descent colours reflected by surfaces having fine ments. But besides these, the narrower and less 

equidistant lines drawn upon them, admit of the conspicuous fringes seen in tA« interior o/ efte jAcu^oui, 

most elementary and striking explanation. The and first described by Grimaldi, were found by Young 

reflected imi^ of a luminous point viewed in a to have this remarkable property, that they disap. 

mirror thus cut np by parallel lines, consists of one peared the moment that the light passing diktr edge 

common reflection and numerous lateral images of the card was intercepted, whilst the exterior fringe 

which are coloured, and in which the angles of inci- was not at all afiected by that drcumstance excepting 

dence and reflection are not equal, thus contradicting on the side where the light was stopped, 
one ofthe axioms of common optics. Young showed Young at once perceived the significance of this C<SI-) 

that thescattered waves of lightreoorerthefaculty of admirable foct. The existence of light within the ^'^°'. 

appearing when the surface of the plate is seen under shadow at all, was evidently due to the bending of„pi,^Q^. 

such an angle that foreshortened intervals between the wave round the opaque edge \ but the alternation 

the scratches amount severally to the length of one of light and dark spaces required the union of the 

undulation or a multiple of it; for then the waves of two lights from opposite edges, which, immediately 

light scattered by the reflecting surface will not come behind the centre of the obstacle, must have de- 

sntire to the eye, but each will have apart systema- scribed exactly equal paths, and therefore united in 

tically suppressed by the non-reflecting space of the the same phase ; bnt a little way either to the right 

groove, so that the remainders being nearly in one or left of the centre the phases were discordant, and 

phase, (Mmeur in making a general impression. This complete and efiectual annihilation of the light re- 

ezperiment, therefore, literally presents us with the suited. In fact, when the experiment is performed 

paradox that bi/ tvppreanng half the Ught, tke re~ under favourable circumstances, the ranUt of th« 

Op^^ mainder it not mffered to be txtinguiihed by it. The union of the light it per/eat blaeknett in thtie plaea, 

pandoz. difierent colours appear reflected at different angles, but if half the light is stopped the dark spaces be- 

because the obliquity must vary in order to be ac- come luminous 1 

commodated to their several wave-lengths, and each This splendid paradox may also be demonstrated (462.) 

colour undergoes several repetitions corresponding without any bending round the edges of bodies, and Mind 

to breadths representing the locoessive muldples (^ consequently without any inflexion in Newton's sense '1'^'''*,^^" 

a wave-length. of the word ; and this simplifies the conditions mate- budi. 

(iS9.) Precisely similar in their origin are the coloured rially. In order to efiect this, Fresnel (many years 

Tbs JMv rays scattered by fibrous substances when held be- after) produced interference btrnds by allowing light 

■•'•*'• tween the eye and a small point of light. If they be emitted from a very small luminous point (an image 

numerous and all of the same diameter, such fibres of the sun formed by a lens of short focus) to fall 

will suppress symmetrically portions of waves, and upon two mirrors touching at the edge, and inclined 

sniTer Uie oblique effect to be perceptible. Dr Young to one another at an angle very little less than 180°, 

most ingeniously applied this principle to constmct By the common principles of reflection there will be 

an Briometer or measurer of the fineness of fibres, a space beyond the mirrors where the light reflected 

The diffracted light of any order and colour from a from the respective mirrors overlaps, and except in a 

distant flame will be seen at an angle with the prin- single line within that space, the paths of the two 

apal or white inii^ about four and a half times rays meeting in any point will be difierenL When 

greater when viewed through the down of the beaver, this di^raice amounts to a whole number of undu- 

than in the case of Southdown wool ; bdng the in- lations, an exalted brightness results ; when the un- 

verse proportion of the diameters of the fibres which dnlations arrive in apposite phases or the centres of 

compose them. one set of vraves ooncur with the ends of the other, 

(460.) FundammtnU Law <^ Interference. — But the cri- blackness results. The experiment may evon be 

rnndamen- tical and characteristic experiment of interference in made with a single mirror which a ray of light just 

1^'^°' its simplest shape was published two years later, in graces, and afl«r reflection mixes with the direct light 



1 JtitttU. ITorb, vol L p. 179. 
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which had in tho first instance passed clear of the took to crnah at onca the theory of Young and his 

mirror.' Here evidently we hare the required con- reputation as a philosopher, and this (in singular 

ditiooof double illnmination with difference of paths, contrast to its avowed principles), not by argument. 

The same eSect is obtained without either Inflexion but by an appeal to the weight of prescriptive antho- 

or Reflection by refraction through an excessively rity in favour of the Newtonian hypothesis, conclud* 

flat prism. * ing with an admonition to the Royal Society to ding 

(*63.) It '* an easy matter (comparatively) to assign the to its old standards and old celebrities, and to save 

l.«ngth of lengths of a wave of light, from the intervals of the its Transactions from degenerating into volnraes of 

tha wsTM interference lines, or still better from the elongations miscellanies. This attack, paltry as it was, seriously 

"iflht""" of the coloured images produced by striated surfaces, prejudiced the reception, or even the disjussionate 

the intervals of the stris being given. Newton's consideration of Young's views. His anxious vin- 

measures of the intervals between the lenses pro- dication put forth in a separate pamphlet was unread, 

dacing coloured rays, gave Dr Young the following and the doctrine of interference was first understood 

for the number of undulations contained in an inch and relished in France ten years later. 

producing each colour : Theory of the RairAovi. — It is a matter of interest (466.) 

_, . _ . _, „.ft in several points of view that the phenomenon of the Thsory <* 

Extr«m«Eed 37,640 ^ ,1 c .^ ■ ■ e .v th« »in- 

BouDdujRed and Onnge 40,720 rambow. Which gave the hrst suspicion ot the vary- bowinoom- 

OnngekDd T«llaw._ 4S,G10 ing refrangibiliCy of light, and which, when explained plat* wltti- 

Yellow «nd Groan 46.600 ^^d rednood to calculation by Newton, so convin- o"' (""a 

GrWD and Blue 49,320 . , a ..l ^ .l r ^i. i .-i t.i. doetriDeoF 

Bias uid iDdlgo 62,810 «ng'y proved the truth of the doctnne of the compo- ,„„rf^ 

ladigo ud Violet 66,240 site nature of white ligh^ was destined in the hands ranea. 

Eittame Violet 69,750 of Young andof hissuccessors toyield oneof the most 

Now the velocity of light is known, that is, the rate refined evidences of the extensive application of the 

of propagation of a distnrbance in ether ; but the doctrine of interference. The general fact of the ar- 

duration of an impulse, or rather the interval between rangement of colour in the primary and secondary 

two successive impulses striking the eye and pro- bows Newton accounted for. Rut the sjmnoue or Spurlom 

ducing the effect of colour, is the time that an impulse supemumerary bows occasionally seen within the"* 

Hamber «f takes to travel over the length of a wave. It is easy primary, and far more rarely beyond the secondary, 

vibntloBi to gee how almost infinitely short this must be : 460 consisting of reddish and greenish bands, remained 

aaeeoD . j^jjij^^s of miliiOTis of such impressions in a second unexplained. The brilliancy of any given portion of 

of time go to make up the sensation of redness, 735 the rainbow depends upon the deviation of the sun's 

millions of millions that of violet light. rays by two refractions and one reflection, approach- 

(464.) It might he supposed that Young's discovery and ing to a limit which it cannot overpass. But except at 

OpporitloD its application excited the notice and applause of all this precise limit aa amount of scattered light will 

to Yoang'i pgrsonB interested in optics. This was very for fi-om reach the eye, which, though not reflected under the 

being the case. Though he brought it several times most favourable circumstances, yet is still sufiiciently 

in succession and in diflcrent forms before the Royal intense to be visible. This light must he composed, as 

Society of London, there is no evidence, so far as I at Young showed, of two portions, entering the eye in 

present know, of his having then obt^ned a single ad- the same direction, but which have pursued difierent 

herent. Davy was no optician; Wollaston was too pathswithin the drop, and which never coincide except 

cautions to commit himself, though probably giving at the extreme geometrical limit before mentioned, 

a tacit assent ; Cavendish was aged, and besides hod When one of these paths difiers from the other by the 

attended less to this subject than to most others ; Sir length of half a wave of the particular kind of light 

William Herschel had only lately taken up phy- considered, darkness will result, but a feebler maxi- 

(ical optics, and that with reference to the qualities mum will be again attained when the interval rises 

of the spectrum least connected with Young's obser- to a whole wave-length, or to two or more. Hence 

vations. At the Royal Institution Young vainly at- these consequences follow — -/.rit, that the bright part 

tempted, in the elaborate course of lectures which he of each colour is limited by its self-destruction to a 

there delivered for two years (1801-3) on natural narrow band, and thus the puri^ of prismatic colour 

philosophy and the arts, to arouse a popular inte- so striking in a well-formed rainbow is preserved ; 

rest in the unveiling of these mj^teries. The ab- «eeondZy, that each colour may attain (by interference) 

strusenees of his discourses scored that mixed audi- a second and a third maximum, corresponding in fact 

ence, and his colleague Davy, in a letter, incidentally to the position of the spurious bows ; thirdly, that 

observes that Young would be satisfied if any one these phenomena of perfect definition of the primary 

would even offer criticisms on his opinions. Criticism and secondary bows, and of repeated maxima in the 

of a certain kind, however, he soon got in abundance, supernumerary bows, depend essentially on this condi- 

The Edinburgh Review, in ita second number, under- tion, that the drops of/ailing rain thall approach to 

> Tbii experiment ia niiudlj (and jaitlji) aicribed tn an eminent and amiable Britiih philoaopher. But it had alreadj been 
p«A>rmnd by Fiaanel nith a ipedal object. See .^nn. dt CAimit a dt PSytiqKt. leeond leriei, iv. 362. 
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a general equality oftite. For the effects of inter- should in et'ery case have reflected an appreciabla 
ference depend on the precise diametec of the drop ; quantity of light (or indeed any light at all) in the 
if these he very varioua the resnltiiig positions of required direction. It might be conceivable in the 
maxima and minima will be altogether con&sed. case of a cylindrical wire or a cylindrical hair ; but 
Dr Young pointed out that to accord with the phe- how could a fiJm of gold-leaf or a slip of paper re- 
nomena the falling drops must be about ^ of an ceiving the light on its broad side furnish such a de- 
inch in diameter. gree of oblique illumination 1 It is wonderful that 
(4M.) I have merely indicated the nature of an argu- Young's intuitive sense did not perceive that the por- 
2''*'?°' "'ment of extreme interest and beauty. Itwouldbediffi- tion of a luminiferous wave passing near an opaque 
PMBoii of ^t ^ "^'t* {except perhaps in the science of physical edge, is deficient on one side of the interfering wave- 
the niu- astronomy) a more complete specimen of gradual in- lets which are necessary to make the boundary of 
fc^Tr!? * ductive research. Here is a phenomenon — the rain- the shadow definite, and to extinguish the laterally- 
•Xltforj^ bow — as familiar as it is beautiful. Even a partial in- spreading light. In short, he did not allow to Hay- 
sight into its cause confers a certain reputation upon gens' principle (see art, 456) the full breadth of its 
one individual (De Dominis), its farther explication application — a discovery made some years later by 
gave Newton one of his most popular triumphs. It is .Fresnel, who has the credit of first explaining these 
then fonnd that the rainbow is not bo simple a fact exterior fringes. 

as was supposed, and that Newton's theory accounts That great philosopher (the worthy rival of Young (*68.) 
for only its broader features. Then, as in the theory in this career of discovery) found the means of com- ''''^. "^ 
of gravity, a long period of uncertainty ensues ; but puting, on strict geometrical principles, the »wm total ([,g,„ j„ 
observations are continncd, A perfect rainbow is of the disturbance produced at any point of a screen to Frwn*]. 
found to be one of the rarest of natural phenomena, by the whole effective portion of a luminiferous wave 
instead of the commonest. Not above two or three partially stopped by au obstacle of a given form, 
individuals have ever seen, or at least described one. The principle of the calculation is simple enough. 
Then comes Dr Young, with his theory of interfe- The origin of the light being distant, the front of the 
rence and diffraction. This theory not only accounts wave is considered as flat when it breaks against the 
for the spurious bows, but for the precise appearance opaque body. Its front is then divided (in thought) 
of the principal ones, which, but for it, would have into small elementary portions, each of which is con- 
been different from what Newton supposed. Finally, sidered as the source of a disturbance propagated as 
after being canvassed for more than two centuries, from a new origin. The effect of each wavelet iscal- 
the theory of Young is carried out into its rigorous culated in terms of the co-ordinates of its origin, and 
consequences by Mr Airy^ and Professor Stokes' of the point where its effect is to be considered. The 
(who must first invent a new mathematical method sum of all these simultaneous effects is collected by 
for the purpose) and illustrated by the ingenious ex- int^ration, a process which unfortunately is only 
perimentsofM. BabinetandProfes8orMiller;'_until rigorously possible in a limited number of cases, 
at last we begin to believe that we understand this Some nf these coses were solved with great ingenuity 
matter completely. by Fresnel, and compared with observation. The r^ 
W^'j) Exterior Fringee of Shadowa. — I have men- suit was extremely satisfactory. Yet it is curious to 
fHD«*«r ^'^"^ only generally Young's application of his observe that Young's explanation, if it bad had a 
■hwiowB; theory to the coloured fringes observed by Grimaldi sufficient physical basis, leads to nearly similar re- 
aud Newton to surround the outline of bodies, as suits. In the case of an indefinite opaque body with 
thrown in shadow by a luminous point upon a dis- a straight edge, the illumination precisely at the 
tuit screen. I have done so because Young's ex- boundaryofthe"geometrical"sliadowis,on Fresnel's 
planation was imperfect, not to say incorrect. But as theory, one-fourth of what it would have been were 
it would be inconvenient to discuss the subject here, the body removed. Within this line the light dies away 
I shall briefly indicate its history and result, Dr gradually, having no maxima or minima. Without it, 
Toung expresses himself more obscurely in his paper a series of dark and light bands occur, which rapidly 
of 1801 on this point than on any other, indicating blend into a uniform illumination. The same theory 
three possible explanations. In 1803, however, he leads to results as to the position of the interior bands 
distinctly adopts the opinion that the periodical which are also somewhat different from the simpler 
colours in question are due to the interference of calculation of Young, and still more conformable to 
direct light passing near the opaque edge with a por- experience. Amongst the most singular of these re- 
tion of light very obliquely reflected fri)m that edge ; suits is this (which is perfectly confirmed by ohser- 
and he enters into calculations to show that such a vation), that the shadow of a small round opaque 
theoryreprcsentssufficientlywellNewton'smeasures. body (as a spot of tin foil) is illuminated by a 
But it is unaccountable that Young should have been speck of dif&acted light at its centre precisely 
■atiflfied with the belief that the screens employed as bright as if the disk were removed I How, after 
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this, can we talk of light as moving in straight lines oryBtal in different directions ;* the discovery of polar- 
only t ization byreflection is receired with characteristic can- 
(469.) ^B must now advert to the peculiar and disadvan- dour, as giving a temporary blow to the undulatory 
Toaoga tageous manner in which Dr Young laid his farther theory;' whilst in a later paper the canae of chromatic 
'^■^''^ '*' researches before the world. The opticj^ papers in the polarization is convincingly dedaced &om the prin- 
JJ^ " Philotophieal Trantactiont, ending with 1803, were ciple of interferences, and in the space of two lines 
uKmy- the last which he published connected with his theory the peculiar coloured laminn occurring is Iceland 
now. la that work, although he continued to be Foreign Se- spar, which had been noticed hy several experi- 
cretary until hia death twenty-five years afterwards, inenters, are accounted for.* 

and although during all that time he never ceased to From about 1616 the optical discoveries of Young (470.) 
extend and perfect his views on the subject of his predi- were so intimately connected with those of his younger ''*'^'7^ 
lection. The explanation of this paradox is to be found friend and rival Freanel, that it seems best to defer {Jliu ^ 
principally in the strictness with which he interpreted our account of them until we consider (in § 3 of this Ttmi to 
the allegiance which he owed to the medical profes- chapter) the peculiar researches of Fresnel, which S 3- 
■ion. He had determined to he a practical physician ; ultimately rendered the phenomena of polarization 
his early principles of action prevented him from the most imprE^nable position of the partisans of the 
doing anything by halves; and all experience affirmed, undulatory theory. The first great step was the con- 
that togain confidence as a physician in the metropolis ceptionoffranwM-fevitrationt of ether, asconstituting 
he must cultivate sparingly, and as it were by stealth, polarization. This, as we shall see, was first pnb- 
thestudiesof abstract scienceand of philologyinwhich lUhed by Young. It is to be r^fretted that the tardy 
he delighted. Unquestionably he was also disgusted and imperfect publication of Fresnel's memoirs on 
by the absence of one single supporter amongst the the one hand, and the resolution of Young to adhere 
members of the great society referred to, — by the in- to an anonymous and indirect mode of announcing 
jarious petulance of the then popular critical journal, his discoveries, on the other, render the history of 
— and by the impossibility under which he laboured the subject sometimes obscure. The correspondence 
of communicating orally his knowledge to a general between them, first fully published by Dr Peacock, 
audience in an interesting and acceptable manner, throws some light upon it ; hut several important 
The result of all this was the suppression of many of letters have not been recovered. 

his opinions, and the publication of others in so con- I had intended devoting a portion of this section to (iTt.) 
cealed and uninviting a form that they remained Dr Young's important and ingenious researches on the Pbyaiolosy 
for years nearly buried and unknown to men of physiology of vision. Butthelength towhichithasal-™'"™' 
smnce. He contributed a series of articles on sub- readyextended obHges me reluctantly to omit it. I also 
HlskrUcUsjects connected with light to the Quarterltf Review; refer to the chapter on mechanics (Art. 344, Ace.) for 
tn tb« and we may well smile at the abetmse and really ob- some notice of his masterly reasonings on the princi- 
s^^l^ scure dissertations on detached pointe of science — pies of carpentry and the flexure of elastic substances. 
' often unmercifiilly loaded with algebra — thus inter- They are characterized by directness of purpose and 
spersedvrith articles ofpopular criticism for the enter- a consummate command of ordinary mathematics, 
tainment of the reading public From some of these unaccompanied by any pretension to aymboUcal dis- 
papers we may readily gather the soreness which he play ; — it might be added too, by the olracure concise- 
ielt at the cold reception of his discoveries. Farther uesa of DrYoung'shabitual style. His researches (pre- 
and still more important original speculations were ceding and anticipating those of Laplace) on capillary 
contained in a series of anonymous papers (sixty- attraction have also been referred to (432), as well aa 
three in number) onavastvariety of subjects, both in Ms masterly investigation of the tides (80, 81). Itlaterpi*- 
Bcience and philology, contributed to the Eneyelopai- does not belong to this treatise to speak of his disco- ^^"' f' 
sod Xnty- dia Britaniuea, It is not in a work such as ^lis that very of the interpretation of hieroglyphics in certain phioL 
''"'™'"' we usually look for the _^ri( publication of great and cases which gave the first real impulse to this obscure 
original views : the articles being anonymous could but interesting subject. The successes of Champollion, 
only very gradually attract notice hy their intrinsic Rawlinson, and others, in similar undertakings, must 
merit ; and the ohacurity of some of those written by logically be connected with the first great step of de- 
Young rendered this difficult enough. But it is most cyphering the polyglot stone of Bosetta. It may safely 
fortunate that he was induced thus to write ; many of he affirmed that no philologer ever before made such 
his most original thoughts must have been lost but for a discovery in science as the law of interference, and 
these concealed repositories. In the articles in the that no natural philosopher ever made such a step 
Quar(«Wyi{«vi«w,fore][ampIe,wewatchwithinteTest in the interpretation of a lost tongue as the forma- 
the impieasion which contemporary discoveries made tion (up to a certain point) of an Egyptian alphabet 
upon his mind. The spheroidal wave of extraordinary We cannot close this imperfect sketch of one of (472.) 
re&action is explained by unequal elasticity of the the greatest ornaments of our age and nation, without 
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ToDDg*! adding, that in private life Dr Yoong was exemplary ; Dr Young's philosoplilcal character approached in (iTS.) 

(Mrnnml endued with warm actions, philosophic moderation, many important particulars to that of Kewtou. With PhUotophi- 

''' and high moral and religious principles. His office much of the inventive fire of Davy, and of the rea- ^^ 

as secretary to the Board of Longitude (the only soning s^acity of Wollastou, he combined an amount 

public promotion he received), was attended not only of acquired learning, and a versatility in its applica- 

with immense labour in editing the Nautical Al< tion, far superior to both. We do not ascribe to him 

manae, hut with vexatious contentions, which in his, aa intuitive insight so rapid and almost divine as 

as in so many other cases, tended to diminish his that which distinguished the author of the Frineipia 

usefulness and even shorten his life. To the petty above all other men, nor had Young the same strictly 

persecutions with which he was assailed, it was owing mathematical ability ; but like Newton, whatever he 

that the health which the unbroken study of fifty did was practical and soimd ; nothing was done for 

years had not impaired, at length gave way, and he show, notliiug omitted through haste. " The power 

tDdduth. died yet in the prime of intellect, the 10th Moy of patient thought" was the lever with which he 

1629, within a few months of his honoured osso- moved the world. His self-confidence was great but 

dates and friends, Wollaston and Davy. He hod unobtrusive. He attained, as he himself said, all the 

been elected two years previously one of the eight main objects to which he had looked forward in life, 

foreign associates of the Academy of Sciences of " such fame as he valued, and such acquirements as 

Fans. ho might think to deserve it.*' 

§ 2. Malob. — Diteovery of Uie Polariiation of Light hy SeJUcHon. — Early ffiatory of Double 
Refraction and Polarization. 

uiliu-^Uia Etibnitk Lohib M&lus was bom at Paris on the Newton's (^position to Huygens* law as a state- ('76.) 

poUriu- 28d July 1775, and died on the 24thFebruaryl812, ment of fact left it for more than a century "n^er ^^^_ 

LioD of after a too brief hut brilliant career. His principal partial doubt. HaUy is stated to have verified it, or too; 

ligDt. discovery, that of the polarization of light by reilec- at least to have shown that it approached nearer to 

tion, is so intimately connected, both historically and the truth than Newton's ; but Dr Wollaston first re- 

by the nature of the case, with double refraction, that established it in 1802 by conclusive experiments, 

I shall briefly sum up the scanty progress of that which, however, he found it impossible to connect by 

singular subject previous to his time. a law until the previous generalization of Huygens 

Bui M^ It was known to Bartholin of Copenha^n, about had been pointed oat to him, — most probably by Dr 

torjot 1669, that Iceland or calcareous- spar has the pro- Young. 

doable n- perty of dividing a ray of light, which falls upon it It was several j^ani later that Mains directed his (*^-) 
^"^^*"y in almost any direction, into two; one of which is attention to the subject, unaware of what had been^''*" ' 
law.^^ rc&Bcted according to the usual law, but the other accomplished by Wollaston. He had returned in 
in an extraordinary manner, which was first analyzed 1601 firom the unfortunate French expedition to 
by Hnygens — a problem of great difliculty, in which Egypt, where he was eng^ed as an officer of en- 
Newton not only failed, but he also en«d in con- gineers, and hod ruined his health through fatigue 
tinuing to pronounce Huygens' solution false. The and the insalubrity of the climate. He was an ac- 
solution was this, that there is one direction in the complished mathematician, having acted as professor 
crystal parallel to which both the roys (called the both at the Polytechnic School and that of Metz, 
ordinary and the extraordinary) move in a similar and was of coarse a member of the Institute of Cairo. 
and uniform manner. In other directions their pro- On his return to France, during the intervals of his 
pagntion may be expressed by considering the ordi- military duties, he occupied himself in the composi- 
nary ray within the crystal to be due to a spherical tionofan elaborate analyticoltreatise on optics, which 
wave (the centre of which coincides with the point hod already occupied his attention in Egypt. This 
of incidence), whilst the extraordinary ray corre- led him to the subject of double refraction, and he 
sponds to a flattened spheroidal wave concentric with verified by numerous experiments the accuracy of 
the former, and having its axis coincident with a Hu^ens' law. La Place wrote a paper on the mathe- 
diameter of the sphere, and parallel to the minera- matical law of the velocity of the extraordinary ray, 
logical axis of the crystal. Both rays, on the Huy- in which he introduced the idea of a repulsive force 
genian hypothesis, move slower than in air, bnt the emanating from the axis of the crystal ; but it may 
extraordinary ray everywhere faster than the ordi- be truly affirmed that the notion of a spheroidal un- 
nary ray, excepting only in the axial direction. A dulation so happily introduced by Huygena is the 
perfectly plain though necessarily complex constmc- only one which really fits the case ; and by the very 
tion was given by Huygens for the purpose of tracing impossibility of expressing the facts intelligibly with- 
both rays in the course of their refraction, founded out it, gives an undisputed advantage to that theory, 
on this i^ea. A prize having been proposed by the Academy of (<78.) 
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Embj on Sdeaces for tlie theor; of double re&action, MaluB it lalU on a second siinilar reflecting surface at the 

douWe re. ,„ote a second paper, which was crowned, but which, same angle aa before, will he copiously reflected if the 

however admirable as a specimen of mathemadcal planes of reflection coincide, but will refuse to he 

address, added little to what was previously known, reflected in an appreciable degree when the planes of 

<4T9.) Malus had already, in the end of 1808, announced reflection are perpendicular. 

Hu7geni' a property of light which, if not absolutely new, was This phenomenon was detected by Malus bycasually ('481.) 

of wJ«H»i- *""™'y *" '^'"^ reference to the circumstances in observing that a ray from the setting sun reflected O™*"!*" 

tioD by oalc which it was produced. The polarization of light from a distant window, and viewed through a piece 

■pu. was in reality discovered by Huygens previous to of Iceland spar, afforded but a single image in two 

1680. He had observed that the two rays into which positions of the latter. The experiment attracted uni- 

common light is divided in passing through Iceland versa! attention, and became the germ of a series of 

apar have a singular diversity of character, which optical discoveries almost unprecedented for their 

Newton afterwards described as an opposite polarity, beauty and variety ; yet most of the experiments may 

Huygens showed that if two rhomlra of doubly re- be made quite as well when light is polarized by llie 

fracting spar are laid symmetrically one upon the method of Huygens as by that of Malus. Nererthe- 

other, the " extraordinary" ray yielded by the first is less the former had remained a sterile fact for 130 

extraordinarily refracted by the second, and tlie"ordi- years- Upon such trifling circumstances does the 

nary" ray from the first ia ordinarily refracted by the progress of knowledge often dopend. 

second. But when we revolve the upper rhomb Mains survived his discovery only four years, and (48!.) 

aa it ilea upon the lower one through a right angle, saw but the borders of that land of promise which heLowof th* 

a remarkable change appears. The extraordinary had pointed out to others. Afew resultshehowever'***''*^ 

ray escaping from the first is now ordinarily re- obtained, which are worthy of notice. Thus he found 

fracted by the second, and vice vena, so that the that in every instance where light is polarized in any 

qualitiei of the two rays differ hut only so far as this, plane there is also produced a certain proportiontd. 

tiiat either may be assimilated to the other by making amount of light polarized in the perpendicular plane, 

it (or the crystal from which it derives its properties) Arago afterwards proved the very important fact, that 

revolve round ninety degrees. A definite notion of these two portions are universally equal. Huygens 

such a distinction may be formed by imagining a Lad shown inthe experiment of the two rhombs, that 

musical string vibrating at one time in a vertical, at when their positions are neither symmetrical nor 

another in a horizontal, plane. If we could possibly perpendicular, each ray emerging Irom the first is 

imagine light to consiat of vibrations of this descrip- duplicated by the second. When the principal eeo- 

tion, the two rays of Iceland spar might be conceived tiona of the rhombs are inclined 45°, the duplicated 

the one to vibrate in a plane passing through the rays are equally bright ; as they approach parallelism 

axis of the crystal, the other in a plane perpendicular or perpendiculaiity, one pair of the rays brighten and 

to that. Such light might truly be said to have ac- the other pair is enfeebled. Malus ascertained the 

quired the property of ^vin^jtiiM. In the language law of change of brightness, which is the same for 

of Newton, it is polarized, rhombs of spar or for plates of glass whose planes 

(480.) The discovery of Malus consisted in showing that of reflection vary whilst the angle of reflection re- 
Halosdii- light may acquire properties identical with those of mains constant. In either case the intensity of the 

larintlon* ^'^*^ "^7 yielded by refraction through Iceland apor, light varies as the square of the cosine of the angle 

by reflec* by the very aimpleprocessof simple refiectionat a par- formed by the principal sections of the crystals or 

tlon. ticular angle from any transparent body. Thus for a the planes of reflection of the plates. This impor- 

Burface of water he found this angle to he 62" 45' with tout law, the best established in photometry, has been 

the perpendicular, and for glass 64° 36'. The reflected applied by Arago to the measurement of light in 

light in either case has exactly the property of the or- many inatances, but the details were unfortunately 

dinaryraytransmittedbya crystal whose principal sec- not made public before his decease. 

tion (that is, a section passing through the axis of the To Malus ia also due thediacovery of thepolariza- (483.) 
crystal) ia parallel to the plane of reflection. Con- tion of light by common refraction. Whenlightis in-^**''^*'*" 
sequeutly ^is light will be acted on by a doubly re- ddent on glass or water, the refracted beam contains 
fracting crystal placed in its way precisely as if it precisely asmuch polarizedlightasthereflected beam, 
had emerged from a similar crystal; and, on the but oppositely polarized. The metals were at first 
other hand, if the two rays emerging from a crystal believed by Malus to polarize no appreciable quan- 
be incident on water or glass as above mentioned, the tity of light. He afterwards found that at great in- 
one will be copiously reflected from the surface, whilst cidences the reflected light is partly polarized.' He 
the other will not he reflected at all, but pass entirely likewise ascertained thefact of the"depoIarization*' (as 
into the transparent substance. Farther, as might it was termed) of light by many crystals, and also by 
be expected, Ught thus polarized by reflection, when organized substances, such as hair, bom, and wbale- 

' See SB Interutliig letter ttom Hkloi to Dr Touog Id Thomson's Annait, vti. iii. 
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bone. He does not appear to have noticed tlie phe- dence of great talent, bat of far leas fertility of com- Clunetar 

Domena of colour accompanyiog Buch depolarization, bination than those of Fresnel, presently to be no-"'**^"- 

thoughheamTedat it so nearly that Arago.in all pro- ticed. He maintained the Nentonian theory of light, 

bability, anticipated him fay presenting a memoir on His reputation amongst hia intimates was extaremely 

the subject to the Institute just one week previous to high, and it was generally believed, that bad he sur- 

Malua's announcement of what he had observed vtved, hia discoveries would have extended much far- 

(I9th August 1811). In loss than six montfas later thcr. To him was applied Newton's saying on the 

Mains was no more. death of Cotes, — " If Cotes had lived we sbonld have 

(4U.) The writings and discoveries of Malus present evi- learned something." 

{ 3. Frbbitel. — The Undulatory Theoty of Light eontintted. — Diffraeti<yn. — Transverse Viira- 
tione ; Young. — Polarisation and Double Refraction ejeplatned. — Lighthouse Illumination. 

(4SS.) Adoustiit FaESNEL was bom at Broglie, in France, sary for their occnrrence, was (as we have seen) 

lOth May 1788, of a feeble constitution, and he con- one of Young's capital experiments. The ezplana- 

tiuued throughout his too short life a prey to attacks tion of Newton's rings, by the interference of the light 

of bad health. As a boy, hia slow apprehension and reflected from two adjacent atufaces, though partly 

uncertain memory gave no indication of the maturity anticipated by Hooke, was equally important. Nu- 

of his judgment. He entered first the Polytechnic merous measures of the distances of the exterior 

School, then that of font* e( CAauM^M. His fidelity difiraction bands from the geometrical shadow, as 

to the Bourbon cause occasioned his being harshly formed by homogeneous red light, are then given and 

treated by Napoleon, and he retired to Normandy in compared with theory. Here Fresnel was on original 

the beginning of 1615, to pursue the scientific studies ground. These accurate numerical comparisons, af- 

which ho had always loved. terwards pursued to a greater extent, constituted one 

niftwdn Diffracaon, — 'The theory of light in particular at- of the most important bases of the now theory. In 

of light. " t'^<=^ li'B attention, and he had a steady belief that obtaining them he was materially aided by Arago, 

the Newtonian doctrine was erroneous, though in who, though considerably bis senior, generously as- 

ignorance^ as it appears, of the undulatory doctrines siated him in every respect, and gave him the full ad- 

of Hooke, Huygens, and Young. The phenomena vantage of his station as a member of the Institute, 

of diflroction, or the coloured fringes which are seen and of his experience. 

in the interior of the shadows of opake bodies when Fresnel'a first memoir on dif&action justly excited (48T.) 

illuminated by a minute source of light, attracted so much notice that the subject was proposed by the ^*^™' "»• 

hia attention as most proper for deciding the deli- Academy of Sciences in 1817 for one of their prizes. ^^^ 

cate question of the molecular or undulatory cha- The new essay which Fresnel then wrote was, as pro- apon 

^"""^'» meter of light. The results of his experiments were bably had been anticipated, the sucoessfnl one. In Toang'i 

naiT*"'* det^led in a memoir confided in the first place to this memoir he made an important step, by showing ''' 

hia friend Arago, and by him communicated to the that the exterior fringes in difiraction shadowa do not 

Institute of France (October 1816). This remark- depend (as Young had supposed) upon the interfer- 

able paper contained much which Dr Young had al- ence of the direct light with that reflected at a great 

ready discovered, and the explanations of the experi- obliquity &om the edge of the diffracting body, but 

ments which it described, both new and old, by the from the interference of the lUfierent elemental un- 

theory of undulations, were common to both. Dr dulations which proceed from the disturbed sur&ce 

Young having anticipated the publication by at least forming the front of the grand wave. Decomposing 

a dozen years, there could be no question of pri- the frtmt of the wave into small portions after the 

ority ; but it is equally certain that Freanel was uo- manner of Huygens, he computed the disturbance 

aware of what Young had done until it was pointed produced by the integral efiect of the whole at a given 

out to him by Arago. His memoir, which was pub- point of the screen where the picture of the shadow 

lished in great part in the Annalet de Chimie for fell and was aubmitted to examination, and be fouud 

1816, contains much which is interesting. The mode that auch integral effects bave a periodic character, 

of observmg the diffraction banda dirtctli/ by meana presenting points of maximum and minimum distur- 

of a lens, without the intervention of a screen, was bance, or of greatest and leost illumination oa we re- 

equolly new and important The obaervation that cede from the geometrical ahadow. These distances 

the interior fi^ges of the shadow of a narrow body, being measured in homogeneous red light were found 

such as a wire, disappear when the light is intercepted to agree with the results of an ardnous computation, 

on either side of Uie wire, leading to the conclusion requiring, aa will eaaily be seen, an intimate acquain- 

that the union of the light from both sides is neces- tance with the integral calculua and much akill in 
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using it. Such Fresnel posaessed, though he always and Fresnel unquestionably imagined the theory se- 

refen with great modesty to hie limited &cility of em- parately, but Yoang fint announced it, Fresnel being 

ploying the higher mathematics. diBConisged by the doubta of Arsgo, and by his 

(tSS.) Transverse Vibrationt — Tovng and Franel. — awe of the Institntfi. As clearly, the experiment of 

TmuTtna Considentble obscurity haugB over the first publi- non-interference waa the first which gave a colour to 

TibntloDa cation of this important discovery. A clear and so bold an assumption, and in the det^ls of its ap- 

ud^^ impartial abstract of the facts will be found in plication to double relation Fresnel had the nndi- 

neL the second volume of Dr Whewell's History of the vided merit. What is not least worthy of notice in 

Indaetive Sciences, and some further documentary the aflair, is that neither of the amiable rivals (Young 

evidence, including interesting letters which passed and Fresnel) ever published a word in disparagement 

between Young and Fresnel, have more recently of the other, nor a single nnlriendly reclamation of 

been published in the Life and Works of the for- priority. 

mer, edited by Dr Peacock. The difficulty of appor- The doctrine of transverse vibrations being allowed, (*S0.) 
tioning the credit between Young and Fresnel partly its applications aad severest tests were twofold, l'*fi?^!ii^ 
arises from the unfortunate system of imperfect pul>- To the phenomena of ordinary reflection and refrac- ^ Ught/ 
lication, or non-publication, adopted on professional tion induding the polarization produced by these ope- 
grounda by the former, and partly firom the grievous rations; and 2dly,to double refraction and the univer- 
delays imposed upon the latter by the opposidon with sally concomitant polarization. In these bold speca- 
which his opinions and experiments were received at lations and laborions inductions, Fresnel was nearly 
the French Academy of Sciences. This contmued to alone. Yonng did not appear as a competitor ; oven 
the very close of Presnel's career. His greatest work his friend Arago, though sympathizing with and 
was not published in the Meirtoira of the Institute proud of his success, was not associated with him. 
until six yean after date ; another was mislaid for Iiaws of Sefiectioh and Refraction. — With re- (4M.) 
above twenty years, and even the hardy friendship of gard to the reflection and refraction of light, its in- ^^^ 
Arago sometimes almost recoiled before the storm of tensity has to be defined, and also its condition as to ^^ nttua- 
opposition which the novelties of his associate were polarization. The fundamental laws of the direction tioo— 
sure to excite in the minds of the dominant mathe- of the rays are not aifected by this theory. Kigorous '"'•"^ 
matical section. It ia quite impossible to say pre- mathematicians who then doubted the possibility 
cisely at what period Young first imagined that the of transverse vibrations having more than a tronsi- 
differences of oppositely polarized rays of light might tory existence, if they existed at all, could not be ex- 
be explained by perpendicularity in the directions of pected to supply the theory of their reflection and re- 
vibration of the ethereal molecules, which he compared fraction at the bounding surfaces of different media, 
to the vibrations of a cord in which the elementary Fresnel, however, guided by probable mechanical 
movements are at right angles to the direction of wave- analogies, with an intuitive insight worthy of KewtoD 
propagation. It seems evident that Young was not himself, gave a formula for the intensity df reflected 
possessedof this idea in 1614, when he partlyexplained transverse vibrations, both when the plane of vibration 
depolarization is a few p^s of an article in the of the molecules is in the plane of reflection, and when 
QttarteHy Seview. It is equally certain that he an- it is perpendicular to it ; and he conceived common 
nounced it to Ar^o (with whom he became person- light to act as if equally composed of both sets of 
ally acquainted in 1816) in January, 1617; and that vibrations. His formnlEe embrace the non-reflection 
he then speaks of it as an idea which apparently hod of polarized light at the critical angle, under the 
recently occurred to him, most probably since their circumstances expltuned in the last section. It is a 
interview. > Arago and Fresnel had already, in 1616, most remarkable fact that these inferences by Fresnel 
made experiments demonstrating that rays oppositely as to the numerical relations of the intensity of the re- 
polarixed do not prodaee dark bands by their inter- fleeted to the incident light through all angles of inci- 
ferenct, a memorable discovery, requiring very great dence, anticipated almost every trustworthy photo- 
nicety for its satisfactory proof, which, however, metrical measure; and from their singular thou^ 
was completely attained. It was this observa- indirect accordance with many phenomena, they have 
tion which (naturally) gave Fresnel the first idea been generally accepted as an expression of a natural 
of transverse vibrations, and it is much more than law of great complexity, even by those who were not 
probable that Young worked out a similar solution favourable to the theoretical views on which they are 
of the great problem, in consequence of the account based. 

of these experiments which he received tram Arago The modifications of the state of polarization of ^ ^ 

T of 1616.^ Be this as it may. Young light which takes place by reflection, was equally 



1 " I hkve tk\ta bMn reflecting i>D tha pouibility of ginng mD imp«rf*cl eiplNiaUon of the ■ffsctioQ of light whidi ooDititutM 
polarliatioD, without dsparting from thsgeDolDe doctrine of andulklloB." He then nfnnto "■ truuvene Tibrntion propkgBted 
in the dirscUon of thendloi, themotioD of tb« perUcleabebig In > certain coutant direction with reipeet to that ra<Uiu ; md 
thU," he eddi, " !■ ■ poiarinuion." — Tonng'i JtwMtt. Wort; vol. I., p. 383. 

■ Peecock'i Liji o/ Yomtg, p. 390. 
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Clnular embraced in Frcsnel'B theorf, and eqnallj' (though 
polBriis- nnknowiiigly) confinned by Sir D. Brewster's labo- 
rious obserrations. But on one point Fresnel him- 
self obtained a signal triumpb. Having deduced ex- 
pressions for the intensity of refracted light, on push- 
ing them to the limit where refraction out of a denser 
into a rarer mediam becomes impracticable because 
the light undergoes total internal reflection, the for- 
mube became affected by the multiplier ^^, and 
were unsusceptible of arithmetical evaluation. In 
endeavouring to attach a meaning to these expres- 
sions, it occurred to him that as the intensity of the 
totally reflected my undergoes no change with the 
angle of incidence, the expression in question might 
in some way'determine the alteration of the phase of 
the wave (the position and direction of motion of the 
molecules under consideration) which took place at the 
instant of reflection. Now, admitting this as likely, 
it appeared that the phase would vary not only with 
the angle of internal reflection, but with the plane of 
polarization of the ray. It had previously been 
shown by Arago and by himself, that when two oiipo- 
titdy polarized rays meet or interfere, though there 
is then no destruction of the light, there is usually 
a remarkable change in its character. There is 
one position of the interfering wave relative to the 
primary one in which the combination produces light 
polarized in a plane exactly intermediate between the 
planes of previous polarization. If either ray be now 
accelerated by half a wave-length on the other, the 
new plane of polarization becomes perpendicular to 
the former ; but if the shift of either of the primary 
rays amounts to only one quarter of a wave-length, 
the motion of the molecules takes place in a circle, 
and the undulation has a helical form. Now, Fresnel 
tested his hypothesis concerning totally reflected light 
by calculating the circumstances of incidence which 
■hould produce an effect equivalent to this ; and the 
result completely verified his bold conjecture. The 
apparatus employed is called Fretneta Rkomb, which 
transforms plane-polarized light into light eqoally 
reflexible in all azimuths, yet not common light, be- 
cause it possesses properties which common light does 
not (such as displaying the rings in crystals) ; this 
is termed circularly polarized light. 
(*Ba.) Theory of Double Be/raetion. — The difficulty of 

Doable re- accounting for double refraction did not consist 
pWnei"'" showing how a spheroidal wave might be pro- 
pagated. Young had already shown, in 1609, that 
it would result from supposing a lamellar arrange- 
ment of the crystalline molecules so that the ether 
was differently elastic in a direction parallel to the 
axis than in a plane or planes perpendicular to 
Hiat line.' Huygena had shown something similar 
in accounting for terrestrial atmospheric refraction. 
The difficulty was, to account for two waves travel- 



ling at the same dme through the same portion of 
matter with unequal velocities. The moment that 
the idea of molecular movement trantverae to the line 
of prop^ation was admitted, it was easy to see that 
no contradiction was involved in the idea. Two 
waves might simultaneously travel in the same direc- 
tion, and through the same medium, provided the 
molecular displacements were in di^'ent planes. So 
happy a solution could hardly fail to strike such minds 
as those of Young and Fresnel with the impress of 
conviction. A closer analysis confirmed the proba- 
bility. Iceland spar (or rather the ether imprisoned 
within it) is conceived of as a medium of uniform elas- 
ticity in all planes perpendicular to the axis, but of a 
difierent and greater elasticityin any direction parallel 
to the axis. It is shovrn to result from this, that in 
the direction of the axis alone is the motion of light 
independent of the plane of the vibrations of which it 
is composed, and consequently no separation of rays 
occurs. When a ray moves parallel to what may by 
an analogy be called the equatoreal plane of the 
crystal, >its undulation will, generally speaking, be 
resolved into two whose vibrations are parallel and 
perpendicular to that plane, and which travel with 
difierent velocities though in the same direction. If 
the ray take any other direction through the crystal, 
both the direction and velocity of the divided rays 
differ. The form of the extraordinary wave is exactly 
the spheroid of Huygens. 

But what are we to conclude concerning those crys- (193.) 
tals (of the discovery of which we shall speak in g 5) Theory of 
presenting two axes of double refraction ? Fresnel at^Jj^^^ 
once assumed that the eloatjcities must in that caseaiM, 
vary in three rectangular directions, and he proceeded 
to calculate the manner of propagation of a wave 
through a medium thus constituted. I had proposed 
to attempt some explanation of the steps of his most 
ingenious and profound aigument, but I find it incom- 
patible with the space at my disposal, and at any 
rate hardly to be apprehended without the use of 
symbols or figures. For these reasons I shall merely 
state the results. When the medium presents un- 
equal elasticities in three rectangular directions, the 
surface of the wave consists of two sheets each tra- 
velling with its peculiar velocity. But neither of 
these being spherical, the result cannot be expressed 
by the ordinary law of redaction. In two directions 
within the crystal, the wave surfaces coincide, or the 
two rays coalesce. These directions are evidently 
the optic axes, and the wave snr&oe in their neigh- 
bourhood has very interesting geometrical and 
physical properties which have been elucidated 
by British philosophers, as will be noticed in 
another section. The true optical axes cannot 
exceed two, and when two of the three elasticitjes 
become equal, they merge into one. This is the 



> Vonng'* nawning (Quanfrly Saiiew 180B, sod Worki, toI. 1. p. S28) is twied on an uperiment by Chladnl o 
velocity with whiefa nund ii propagated in wood, depending on the direction of the Sbrea, 
VOL. I 
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case in Iceland spar and aimilBr cryatals. At Fretnel wore first moat generally and liberally ac- 
the same time the wave anriace degenerates into knowledged; at, singnlarl; enongh, Yoong had re- 
tbe united sphere and spheroid. The equation to ceived almost the first expression of STrnpathf in his 
the wave lUF&ce was deduced by Fresnel in an in- optical discoveries from France, In 1626 Fresnel 
direct and somewhat tentative manner. It was received the distinguished honour of being elected 
denKHistrated bj Ampdre directly, but inel^antly. aforeignmemberofthefioyalSocietyof London, only 
M. Cauohy, Mr An^bald Smith, and Professors two years subsequent to his election into the Insti- 
Sir W. B. Hamilton and Maccullagh gave more tnte, and whilst his greatest paper was as yet known 
complete and elegant solutionB. gnly by an abstract. In 1827 he received the Rum- 
(4Si.) Fresuel submitted his theory (as usual) to experi- ford medal from the same body. This recognition of 
coDfirmed meut. He found that in topaz, which is a biaxial his merits was due, as we leam on the authority of 
n^j_" crystal, neither ray follows the law of common re- Dr Young (who was then Foreign Secretary of the 
fraction. The plane of polarization (which is always Royal Society) to the influence of Sir John Herschel, 
perpendicular in the two rays) follows very nearly at that time and afterwards a zealous supporter of 
indeed, by theory, the law which M. Biot had as- the undulatory theory of light, and by whom it be- 
signed by experiment. Fresnel thus stated the came first generally known in England through the 
ground of his conviction of the truth of his theory, medium of his admirable Estay on Light. Dr 
and it would be difficult to express more appropri- Young, though present, was silent j " from being," 
ately the characteristics of a just hypothesis ; — as he himself tells us, " too much interested in the 
" The theory which we have adopted, and the simple subject " on account of his personal share in the 
construction which we have deduced from it, present matter. In announcing this distinction ofScially to 
this remarkable character, that all the unknown Fresnel (then in the last stage of consumption), 
quantities are at once determined by the solution of Young diaracteristically observed, " I too should 
the problem ; — the velocity of the ordinary and ex- claim some right to participate in the compliment 
traoidinary rays, and their respective planes of polar- which is tacitly paid to myself in common with you 
ization. Physicists who have studied with attention by this adjudication ; but considering that more 
the laws of nature, will admit that this simplicity than a quarter of a century is past since my prio- 
and these intimate relations between different ports dpal experiments were made, I can only feel it a 
of the same phenomenon present a great probability in sort of anticipation oi •pottkumoua &me wHch I have 
favour of the theory by which they are established." never particularly coveted."* 
(IBB.) The memoir on double refraction was received 
'Vp*^"'^' ^'^ much incredulity and partial applause. It was I have stated in the opening of the section that (*96.) 
theory ; ^'^^ ^ ^ Supposed that a theory in opposition to Fresnel, who was attached to the Bourbon cause, had ^''^"^^'V 
that imagined by Kewton, and received with almost retired to N^onuandy near the close of Napoleon's ughthoiue 
general assent tor more than a century and a half, career. On the re-establishment of the monarchy in iUumluk- 
would not meet with many opponents; but in the 1816 he was recalled from his retreat and a[n>ointed ^on. 
case of double refraction and polarisation it was also to an office in the departments connected with his pro- 
essentially coupled with the idea of transverse vibra- fession as an engineer ; but in 1817 he was brought 
tions, whose exact mechanism was admitted on all to Paris with the express view of giving him more 
hands to be extremely obscure. Laplace, now more &cility in his reseanihea. In 1819 be was placed 
than seventy years of age, opposed the new opinion on the Commission for the Management of the 
' to the last. His reason for doing so was emioently Lighthouses of France (of which he afterwards he- 
characteristic of the great geometer — " it was one to came Secretary), and he entered with ardour on the 
which analysis could not be applied without much application of his favourite science of optics to the 
difficulty;" to which Fresnel replied, " that it was duties of his profession and the benefit of man- 
still harder to believe that the laws of nature were kind, 

arrested by such obstacles." Poisson, as might have The use of lenses in place of reflectors for prevent- (Ml.) 

been expected, was equally opposed to the unduW ing the indefinite dispersion of the light employed, 

tory doctrine, for he was still Iws of a physicist than and the effectual concentration of it in tie direction 

Xjaplace. His standing argument against it was its where it will be most useful, was not altogether new. 

inabili^ to explain dispersion. M. Biot, also a keen The construction of immense lenses of glass of no 

supporter of Laplooe, was still more strongly com- great thickness, formed by grinding out a series of 

promised to the theory of emission. The inertia of concentric refracting surfsces having a common focus, 

ivak authorities at the Institute retailed of course had also been proposed by Buflbn, and the idea of 

the growth of Fresnel's reputation athome,notwith- constructing diese rings or ichHona separately and 

In Edk- standing the great wdght of his friend Arago's opi- then uniting them had been suggested by Condorcet 

Und. Di(»]. It was in &ct in England that the merits of in his ihge of Bnflbn, as well as at a later period 



■ PsMock'* L^t of JauiBf, p. 401. 
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hj Six D. Bmrster. These tvopossls were all alike Mains bad obtained under like mela&ctoly cireiiii]- 

luknown to Fresnel, who had the grand merit, in a stanoee 16 ^ears before. 

case of this kind, first, of carrTing his happj idea From what has been stated it will appear that (^^0 
into effectual execution, and secondl]', of giving it a Fresnel eminently possessed the qualities ""Hiirita ITp"^^ 
wonderful eztension by the invention of a multitude for original investigation. So finely balanced a oom- 
of other forms of refracting and totally reflecting bination of mathematical skill and attainment with 
apparatus, till then unima^pned as well as unexe- profound inductive sagacity hna rarely been wit- 
Tuted.i In 1823 the lighthouse of Corduan, at the neased. Had Young not happened to precede him 
mouth of the Garonne, was furnished with the new there can be no question but Uiat he would have made 
lenticular system, which was very skilfully executed the undulatory theory entirely his own. Freinel was 
by Soleil of Paris. The illumination was provided superior to Yomig in the talent for devising and 
by means of a beautiful and powerful lamp with se- executing critical experiments, in which indeed he 
veral concentric wicks, the joint invention of Freanel showed a degree of skill equally rare and admirable, 
and Arago, which gave twenty-five times the light Itis hopedthatbissurvivingbrother,Af.LtonorFrea- 
of the best Argand then in use. The system waa nel, who is well qualified for the task, will collect his 
found to work so well that it was speedily extended scattered papers and edit them, with a suitable bio- 
in France, then to Holland, and in the third plooe to graphy, Theiloge of Fresnel, written by the man most 
Scotland, principally through the energy of the late competent to render him justice — Ar^o— remained 
Robert Stevenson and the present Mr Alan Steven- more than twenty years among the unedited papers 
son, his son, to the latter of whom we owe the best of that philosopher, and has only appeared since hia 
and most compendious treatise on the subject of death in 1863. The cause of this suppression was 
lighthouses,* as well as the noblest exemplification one of those partly political and partly personal dis- 
of it in the Skerryvore Lighthouse, erected by him putes which seem almost inseparable frx>iD the pro- 
in 1843. The same small work contains the details ceedings of the Institute. The iloge was announced 
of Fresnel's admirably ingenious applications of the to be read just two days before the Revolution of 
principle of refraction to the distribution of light 1830 burst forth ; Arago oould sot persuade him- 
under almost every circumstance, which were not, self at such a moment to discuss the merits of the 
however,, published by their inventor. Theory of Double Refraction without committing 
(Ids.) Id 1824, consequent upon his exertions as exa- himselfalso on the politics of the day. Disputes arose, 
J"*?^"^ miner at the Polytechnic School, Fresnel had the friendships cooled, and the unlucky work was re- 
first seizure of the malady which brought him to the turned to the author's desk. Hence no biography of 
grave at the premature age of 39, on the 14th July Fresnel appears in the publications of the Institut«, 
1827- Eight days previously to hie death he had but his reputation will be treasured in France and 
received at the hands of Arago the Rumford medal elsewhere,whenthemorecouspicnonBlaurelsofmaDy 
before referred to, which his distinguished fiiend of his compeers are withered and half-forgotten. 

g 4. Arago.* — Short Account of hi» Scientific Career — He discovers the Colours of JPolarised 
Light — Laws and Theory of Depolarization; M. £iot; Young; Fresnel. — Non-interference 
of oppositely Polarized Bays — Rotatory Action of Quartz. — M. Foucault's ExperimetU on 
the Velocity of Light. 

(SOO.) DoHiKiQnsFRAKpoisJsANAKAOo, oneof tbemost istics. From a fragment of his early history which 
"" generally known of the philosophers of the half cen- lie left behind him, it appears that he educated him- 
tory just elapsed, though the author of a large num- self almost without assistance, and that when he 
ber of miscellaneous writings which since his death was admitted totbePolytechnicSchool inl803 (con- 
have been edited in a collected form, has not left an sequently at the age of 17), he was intimately 
amount of positive contribution to any one of the ocqu^nted vrith the chief writings of Lagrange, 
sdences at all in proportion to the reputation for had studied the Mieanique CiUste, and had conse- 
ability which he very justly enjoyed. quently in his possession far more mathematical 
C"^':) He was born at Estagel near Ferpignan, on the knowledge than would have been required of him on 
Hft^' 26th February 178P, and the ardent temperament of leaving Uiat celebrated institution. From the Poly- 
a native of the south was one of his chief character- technic School he passed into the position of Secre- 

^ OnB of Fraoel'i lenns vh lued In 1821 for the (teodatic op«ratioDa connecting France and Engluid, and tba light val' ob- 
served at a dlMance of &ft(«n marine leagaea one banr after mneeL 

■ Sudimtiuary Tnatb* on Lighthcvti, by Alin Stevenron. Weale, ISfiO. See also tfae Aceinmt of the Sttrryvore Liglulumt, 
with nnmeiooi platei, In ita, 1818. 

* I naj perbapi be thought to give Arago too prominent a place in the hiitor; of Optica. If to, it has arieen in part fVom 
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tBiytothe Parii Observatory. He pursued with M. obserTBtion, what are we tooonaiderluscbief daimsHi* optlnt 

Biot experiments on the rel^rection of the gases, and to a place in this history 1 I hare no hesitation inl&boanof 

in 1806 the two young philosophers were despatched saying that they are to be found in connection with p^I^"^ 

to the south of France and to Spain to continue the the discoveries and labours of his attached ftiends, 

, triangulation interrupted by the death of M^chatn.^ Mains and Fresnel, and therefore we group them to- 

GMidatinl The next three years were spent by Arago in a series gether in this chapter. Ari^ not only himself made 

^TJT*" ofvolnntary and involuntary journeys, perils by land some important optical discoveries in 1811 and the 

' and sea, from robbers, and from the Spanish govern- following years, but he was instrumental, as we have 

ment and populace, such bs have been rarely equalled, seen, in a very important degree, in calling forth Ute 

—perhaps neverin the pursuit of science. The decia- genius of Fresnel, and in obtaining a public tecogni- 

ration of war against France rendered his stay either tion of the labours of Young ; a service not the less 

in Valentia or in the Balearic Isles impossible, and worthy of note because of its eminently disinterested 

he was conveyed in disguise from Majorca to Algiers, character. The andulatory theory of light, one of 

whence he twice essayed to reach Marseilles, but the greatest triumphs, if not the greatest, of our age, 

was onoe driven back to Africa by a storm, once stands where it does in no slight degree through 

made prisoner by a Spanish corsair. After great the instrumentality of Arago. 

suffering, he at length reached France in July 1809, One of his most considerable discoveries was that (604.) 
carrying with him the precious record of his geodeti- of the colours which crystallized bodies develop inColoon of 
cal operations. From this time his promotion was white light polarized before incidence on the crystal, ^j^^ ^ 
assured, and his life became tranquil and inactive, a1- and afterwards transmitted through a rhomb of calo- poUrlMd 
though the deep attachment which he formed with spar. Thesecoloors, bytheirorder, the singular man-light 
Baron Humboldt immediately on his return to France ner of their occurrence and disappearance, and in cer- 
would probably have induced him to accompany that tain cases by their extraordinary and beautiful forms, 
enterprising traveller to Central Asia, had that jour- offered a problem at once the most attractive, the 
ney ever been accomplished. At the early age of 23 most definitely marked, and the most seemingly in- 
Arago attained the position of Member of the Insti- explicable which had been met with in optics for much 
tnte, and was again attached to the Paris Observa- more than a century. They exemplified a new mode 
tory, of which at a later period he became director, of analyzing light, evidently connected with the mole- 
He took a very active share in the proceedings of the cular forces concerned in crystallization-, and for their 
Academy of Sciences, and became one of its secre- display it was necessary that light should be in that 
taries in 1830. peculiar and yet mysterious state called polarized, 
(803.) From the period of Ms election to the Institute, The substances he employed were principally sole- (BOB.) 
Ango't Arago's career was destitute of stirring incidents, but nite, rock-crystal, and mica. When plates of the'^""™™ 
J^^":^' was, from first to last, devoted chiefly to science. It is first and last of these minerals, formed by their natu- J^^ST"^ 
' certain, however, that he was deficient in that power ral cleavage, are placed in a hearn of polarized light, 
of continuous application, to which alone great dis- and the light transmitted by them is then anaiyxed, 
coveries are commonly due. Fullof ingenious, origi- by being passed through a doubly-refracdng prism or 
nal, and even profound conceptions, he shunned the thrown on a screen afrer reflection at the critical angle 
labour of realizing them. His appointment to the from gloss, splendid colours are the result. These 
chai^of the Observatory of Paris was perhaps unfor- colours vary with the thickness of the plate, with itsin- 
tunate. Well versed in the theory of astronomy, the clinationtotheincidentlight, and, whatismost remark- 
minute drudgery of observation and tho control of ahle.theyvaryinintensitybymerclytumingtheplate 
numerous assistants, was altogether uncongenial to of selenite round in its own plane. When only this last 
him. It was a duty imperfectly fulfilled, to say the motion is made, there are two positions of the plate 
least, for 40 years : audit is needless to add how much where no colour results, the light passing through nn- 
the consciousness of habitual neglect of a duty deadens changed ; and these positions are at right angles to one 
the faculty of useful application to anything else. another. Atallintermediate angles coloursappear, the 
(Bia.} If tho science of astronomy then owes little to light is said to be rfepolari^ed, and this depolarization 
Aiago, beyond the part which he took in geodetical is most complete when the plate is moved 45" from 

tfaa dlfflcaltiei Innpanbli from tbe biognphlcal lytteiu which I have (dopted. Uj iatcDtion wis to have thrown toother the 
laboiin Of Malaa, Fr«Bn«1, and Arago into one section. But having written the different portionB Beparately, there seemed lo 
much predilon and fhcilit; of explanation to be derived from treating of them coniecutiTeljr, that I ucrifictd, in aome degree, 
tbe btogrdpblcal principle t« that of lyatematlc clnuiticatlon j placing under the Dame of Malm what referred to the empirical 
laWB of denble refraction ; ander that of JVemci tho doctrine of trsntvcrw vibration (thongh inniniy due to Young) ; and under 
Amgo the diteoveriet of Young, Freinel. Biot, and others, relative to the great subject of chromatic polarliation, to which ha 
gave the flrat impuiie. The eatablisfanicnt of the undutatory theory, principally due to Young, Freinel, and Arago, I have con- 
aidered ai deserving of a more det^led and systematic treatment ihtn almoat any other of tb> numerous discoveries of which I 
ha*a to spealc in this Dinertation. 1 may add, tbat tho biography of Arago Dot appeariDg in its alphabetical place in the A>- 
tftlopadia, H. Arago being still alive at the date of the publiEation of Uut part of the work, It bus beeD inenmboDt upon me lo 
eater Into mive debuls than I should otharwise tiave done. * See Ohapter IIL, Art. (IBS) of this DissarttUoo. 
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the positioiu in which the light passed through nn- selenite. But if the axis of tiie ci^stal be incliiied, 

changed. suppose 45°, to the plane of Tibration of the incident 

(S06.) The theory of this simple jat admirable ezperi- polarized raj, the Tibration is mechanicallj resolved 

^y*^^ meat is one of the happiest examples of Fresncl's into two, which are oppositely polarized. Aftertr*. 

Kklw. mechanical explanation of double refraction. But veraing the thickness of the dTstallized plate with 

Ango, Sir it was not attained 1^ a single step, nor effected the different velodties due to the motion of the ordi- 

D. Brew- by a single hand. Ualus had observed the fact of nary and extraordinary rays, they are reunited at 

I^Btot, depolarization, and the eziatenoe of perpendicnlar emergence, but in altered relaiive phatet, so that by 

neutral axes in the crystalline plate. Arago added their union they form a beam no longer polarized 

to this the knowledge of the phenomena of colour, (unless by an exception) in the same plane as at first, 

which Sir David Brewster also observed indepen- norindeed plane-polarized atall, butmostlikely per- 

dently somewhat later. He also invented a par- forming elliptical or circular vibratdons, which, again, 

ticular theory to explain them bj what he termed falling on the analyzer, are reflected or transmitted, 

fflotfMible polarization. But it was not a snccesa- or partly both, in a manner quite different from what 

fnl effort. M. Biot assiduously studied the erapi- wouldhavehappenedto the light unchanged by crys- 

tical laws of these periodic colours, and traced talline transmission. 

their dependence on the thickness of the interposed White light becomes coloured because the state "f ^^'""5 

plate, according to a law similar to that of Newton's polarization of the emergent raydepends on the di^-ihaooiau,. 

rings. Young made an important step &rther. He eniM of length of path for the two rays which under- 

attritmttd attributed the colour to the interferenet of the ordi- went crystalline separation within the plate, and also 

tointar- Qj^ry and extraordinary rays into which the incident on the lengthofa wave oflight (for this determines the 

^^^ ' light was divided on entering the crystalline plate ; phase of polarization at emergence). But the wave 

and he showed by accurate calculation that the retar- of light varies in length for each colour, consequently 

dation of the slower- moving of the two rays during every colour has its maximum under different drcum- 

their passage through the plate, did in fact produce stances, and if the incident light be white, the light 

the difference of phase necessary for developing the falling after reflection on a screen will present mixed 

tints observed by their reunion on leaving the plate, tints similar to those of Newton's rings, 
according to the usual laws of interference ; and he This extraordinary property of a crystallized plate (G09.) 

showed that this theory coincided with M. Blot's (which, in common Hght, appears equally transparent ^'^Q^^ 

rules.' But even this was not enough to explain the and homogeneous in every direction), of modifying ^'^^ j 

facts. Itwas not clearwhythecolours due todoubly- light, or dyeing it with the most gorgeous colours, rsdlaat 

'^■** "^ refracting plates should not be seen without reaching when the plate is merely turned in its own plane, is but. 

liMlv no^ ^' ^^ through an analyxcr, or calc-spar prism. To one of the nicest tests of the polarization of the light, 

imriini— Arago and Fresnel jointly we owe the important and has been used to detect the analogous polariza- 

AragosDd reply to this difBculty, which in fact forced upon the tion of radiant heat, and the concomitant pheoome- 

^^**° latter the idea of transversal vibrations. Their joint non of double refraction, which, except in the case 

experiments (mentioned in the last section, art. 488), of the heat accompanying the solar rays, has not 

had shown that oppositely polarized rays cannot in- yet been independently recognized.* 

terfere unless they have, first, a common origin and a Arago applied his discovery to the construe- (Sl(|-) 

common plane of polarization ; and, secondly, unless tion of a polaritoope, for estimating the ^blest^f^'^^ 

they be reduced to a common plane of polarization amount of polarization ; and he used this instru- 

(thnt is, analyzed) before falling on the eye or the ment for some very interesting experimeots on the 

screen : eo that the theory of the colours of crystal- polarization of the light of the sky (which is sun- 

lized plates is, briefly, as follows ; — light polarized by reflection from the atmosphere), 

ni"'^! Polarized light is represented by tronsverse vibra- and on that of different incandescent and reflecting 

■Mion ai- tions of ether, the particles moving all in one plane, surfaces. He also found that the moon and the 

pt«in«d on The crystallized plate has, we will suppose (in order tails of comets send light to the eye which is slightly 

Ois DiidD- to take the simplest cose) one axis of double refrac- polarized, thus betraying its borrowed origin. Bat 

f^^^- tion, and the direction of that axis is in the plane of that of the sun, being absolutely neutral, is only 

the lamina. When the vibrations of the light falling comparable (according to Arago) to the light arising 

on the crystallized plate are either wholly parallel or from incandescent vapours, thus distinguiBhiug the 

wholly perpendicolar to this axis, the light is trans- sun from a solid or liquid globe. 

mitted without alteration, either as an extraordinary We cannot do more than allude to An^'s other Cm-) 

or as an ordinary ray, and it is then reflected or not optical papers and experiments. He was, probably, ^P^ 

by the analyzer, as would have been the cose had it the only Frenchman of his time who was well ac- ^fgirtoD'* 

not been transmitted at all through the crystal of qnainted with Young's discoveries. The explona- ring* ud 
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on tbe ro> tion by the doctrine of interfeTence of the colonrs twred to, arts. 488 and 606 ; bat to Ai^o alone is in denM 

utaryao- of Newton's rings received an important confir- dne the ingeniouB idea of interposing a thin alip of '°*'JV 

a wti in^'^oB ^m a^ experiment of Arago's, which prored mica or blown glass in the path of one of the inter- ^^^jg, ^ 

them to arise from the mixture of the pen<nls fering pencils, and obeerving ^e displacement of the 

of light reflected at the two neighbouring snr- interference-bands, which is always towardt the side 

faces. He pressed a lens of glass against a plate of of the interposed slip, showing that the movement 

metal, in which case the central spot is whita or of the wave has been Blower within tbe denser me- 

black when light polarized perpendicnlarly to the dium. 

plane of incidence is reflected at an angle greater or Arago continued to attach great importance to the isn.) 
less than the polaririag angle for glass; and the rings obtaining of a still more direct proof of this fact, which Experi- 
vanish altogether at the polarizing angle ; — resalta he considered as a crucial one between the rival hypo- "^'ot totha 
which have been found coi^ormable to the undnlatory theses of Newton and Huygens. In his last years bct^u^p^. 
theory.' He also discovered the peculiarity of the bad the satisfactionof witnessiDgtbeaccomplishmentgaait.' 
rays transmitted along the axis of a crystal of quartz, of it, with the result he anticipated, and by a method 
These depolarize light, or prodnce colours eimilar to which he had himself indicated. In 1838, he had al- 
those of crystallized plates, varying according to a ready indicated the application of Mr Wheatstone's 
well-marked law with the thickness of the plate, beautiful inveutionoftheTevolTiDgmirror,*asameans 
The most singular fact is, that by turning round the of measuringintervalsoftimeincrediblyBbort,inorder 
analyzing plate, no position of neutrality is found, to compare the velocity of light in air, and in a corre- 
but a series of colours similar to those of Newton's s ponding length of water. He even caused an apparatus 
scale succeed one another. Arago showed that this to be partly prepared, but we have seen that Arago's 
^ectisduetoarotatorymotionof the plane of polar- forte was ra^er in suggesting than in completing re- 
ieation within the crystal. The rotation is greater searches. After his increasing &ilure of sight reo- 
for the violet than the red ray; this was shown by dered it physically impossible that he should ever 
M. Biot, who also discovered that in some specimens realize bis own idea, it was skilftilly adopted by M, 
the rotation takes place from right to left, in others Foucanit (the author of the admirable experiment 
from left to right — a peculiarity connected withcer- with the pendulum, demonstrating tbe earth's mo- 
tain crystallographic modifications, as was first tion'), who, by an ingenious combination of fixed and 
shown by Sir John Herschel. revolving mirrors, succeeded in 1860 in demonstrating 
(BIS.) MM. Seebeck and Biot discovered an analogous the retardation of light in a tube of water only 6^ 
Rotation of property in oil of turpentine,and in various saccharine feet long, and with a velocity of rotation of the move- 
Ue plan« Qj^da, an observation which, in manyeases, allows the able mirror not exceeding 200 turns in a second (a ra- 
tion tn 'sabstitudonof an instantaneous optical,for an operose pidity four times less than had already been obtained 
floidi. ehemical test. Fresnel has shown that the phenomena by Mr Wheatstone). The rotation was produced 
of quartz may be represented on the supposition that by means of the Sir^ne of M. Gagniard de la Tour, 
the rays traversing the ajcia consist of two rays circu- acting by steam. Tbe velocity was thus raised to 
larly polarized in opposite directions, and travelling 1000 revolutions. It was afterwards, however, carried 
with different velocities; and Mr Airy succeeded in by MM. Fizean and Br^uet to 2000 revolutions. It 
calculating.bytbeaidof this fundamental hypothesis,'' will be understood, from the aoconnt of tbe method, 
a number of most beantifal and complicated pheno- as applied to the measurement of the velocity of elec- 
mena, such, for example, as those which occur tricity, in another chs^tter, that the retardation is 
when plates of right and lefl banded quartz are shown by the displacement of the image of a minute 
superposed. Maccullagh has shown how the ge- object seen through the water, relatively to the image 
neration of elliptical or circular vibrations may be of the same object seen in air. If light moves faster 
deduced from the general equations of motion, but he in water (as Newton imagined), tbe displacement of 
has not invented a mechanical theory to explain the water-image will be (let us say) to the right ; but 
them. This is a point of the very highest interest, if slower (as Huygens and Young believed), it will 
inasmuch as Dr Faraday has succeeded, for the first be to the left. The calculated displacement, with 
time, in inducing artifieially in a substance the power 800 revolutions in a second, was '004 inch on the 
of rotating the plane of polarization by the presen- first supposition, and '003 in the opposite direction 
tation of it to the poles of a most pow^fnl magnet.^ in the second, quantities easily visible with a high 
(613.) Ar^o's experiments on the non-interference of magnifying power. The result, as has been stated, 
Ratardft. rays of light oppositely polarized, being undertaken confirmed Arago's original experiment of 1816 on 
•''""'f 8** in conjunction with Fresnel, have been already re- the displacement of tbe interference fringes. 

1 Sir W. Hancliel &nt fbrmBd ITawton'i ring! betwMD glut and metal. Anga't experiment wu reproduced (uDkuowliigly) 
by Mr Airy in 1S31, who flrat explained it fiilly in the aadalatory ■eaee. Caaib. IVsni., vol. ill. 

' Wllh thii addition, thet ray* Inclined to the aiis are tUipticaUs polariicd, and that with a greater elllpticity ai the InoUna- 



■ ae« the chapter on Electrtoi^, S 5. * See Bleetricity, S 6. * See the chapter on Astrononiy, Art. (i 
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(B16.) To complete our biogr&phi«al notice, we will here Madiematical Department (in whidi office he sue- Arago u 

dMM^ ^"^* allude to M, Arago's principal roBcarches un- ceeded Foiirier, in 1830), the duty devolved on him "f*"^'T "' 

nuii«U« connected with optica. One was on the magneti- of writing the bit^rapbies of eminent deceased mem- ^^^y of* 

ob9«TTv zation of iron filings, and the formation of a tempo- bers of die Academy. He bestowed extraordinary Science*, 

tiuu. rary magnet, by means of a helical conductor of elec- pains on these compositions, and strove to render 

tridty ;' the other was the important observation of them popular without sacrificing their scientific cha- 

the teeming magnetism of copper, and other non-mag- racter. In this difficult attempt he was not always 

netic metals, when pat in rapid rotation near a per- successful. Abrupt transitions, piquant anecdotes, 

m&nent magnet. Neither of these happy experiments paradoxical arguments, and political allusions, appear, 

was carried out by their author. The former was left at least to the English reader, to be unacademical 

ia the hands of Ampere, Sturgeon, and Henry ; the adjuncts to the history of contemporary discovery, 

latter was only rightly understood and valued when it The special pleader is too often visible, and even the 

was engrafted by Mr Faraday on his splendid series occasional sacrifices of the strong spirit of nation- 

of researches on Magneto-Electric Induction.' ality by which he was commonly actuated, to some 

(016.) Arago is fairly entitled to be regarded as having chivalrous adjustment of the rights of discovery, 

^"■?' proved the long- suspected connection between the do not always carry conviction to the mind of the 

Qlogy aurora borealis and the freely suspended magnet ; and reader. The Eloge of Watt, probably the most po- 

this in the face of urgent contestation. His contri- pular, appears to us far from being the best of these 

butions to Meteorology (founded rather upon the ob- biographies. Those of Sir W. Herschel and of Dr 

servatioDS of others than upon his own) were of con- Young are ably executed, and display mach research 

siderable importance, and several of hia popular pa- and candour. 

peia, appended to the smaller Almanac (Annuaire) After having been for three years almost with- (518.) 

of the Board of Longitude, contain a great deal of drawn from science by lingering disease, and nearly Hla death. 

well>digested and curious information. complete blindness, Arago expired at the Observatory 

(JI7.) As Secretary of the Academy of Sdcncea in the of Paris, on the 2d October 1653, aged 67." 

§ 6. SlE David Bbewster — Progreae of Experimental Optica — Laws of Polarization — Double 
Refraction produced by Heat and Compretsion — Ditcovery of Biaxcal Crystals — Laws of Me- 

tallie RefiecHon — Absorption of Light ; and Lmes of the Solar Spectrum ; Fbadnqofer. — 
Seebeck ; M. Biot. 

(S19.) ^^ have pleasure in ranking amongst the fore- the subject he then principally studied was rather 

Sir Dftvid most promoters of the science of optics in its sur- connectedwiththe use and theory of instruments than 

Bnwitar. pngjng revival in the earlier part of this century, with pkyfical optica in the sense in which we have 

a philosopher who still lives amongst us and pur- explained it. This is evident &om his first separate 

suea with ardour the investigations of his youth. publication in 1813, " on new Fhilosophical Instm- 

(620.) ^^ David Bhbwster was bom at Jedburgh, in ments," which, though containing many ingenious 

Hii eulj Scotland, on the 11th December 1784. He was and valuable suggestions, fell short of the importance 

■tudiee. educated for the Scottish Church, and having en- of hia subsequent publications. 

tered the University of Edinburgh at a very early Sir David Brewster's genius was first called forth (S21.) 

age, pursued his studies under BolasoD, Flayfair, by the announcement of Malus's great discovery oin^u bli 

and Stewart, and formed the friendship of those in 1808 of the polarization of light by reflection. '^"^'^ •" 

eminent men. Amongst fellow-students of no But for the unfortunate political relations of France optio. 

common distinction who at that time frequented the and England at the time, which prevented, to a 

collie lectures, and of whom not a few were destined degree which now appears almost incredible, the 

to signalize themselves in literature, science, and the transmission of even the most interesting scientific 

career of politics, he formed the particular acquaint- facts from one country to the other, our country- 

ance of Mr, now Lord Brougham, and through him men would have borne a larger share in the dis- 

was led to study the inflection of light, and to repeat coveriea which immediately followed ; and it would 

Newton's experiments. This was in 1799 ; nor did have been an easier task to apportion with his- 

he afterwards lose sight of a science which he was torical accuracy what was due to each. As the 

so signally to improve. The distraction of other French philosophers remained long in ignorance of 

oocnpations, the calls of his profession, and his the discoveries of Davy, and were anticipated in 

indi&rent health prevented, howcrver, any very every important step in voltaic sQience, so Mains and 

constant application to optics ; and the part ^ Arago pursued and published researches and bril- 

1 Sm Eleetrieit;, f i. ' Electricity, S 6. 

■ The utids PuLAati^TioK or LieuT Id this Eneytlepadia, the production of Arago, oouUliu an excellent review of aiany 
of tba topka of this Section. 
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liant ducoveries which, literallj' for years, remained sooner, but he had been ba£9ed hy the irregular re- 

unknoini in England to those diost interested and suits obtained by reflection from glass, whose sur- 

solicitons to leara them. Thus Sir D. Brewster face he found to undergo an almost imperceptible 

learned first in February 1814 that Mains had in chemical change. He Further observed that it is 

March 1811 published the discoTery of the polar- only in bodies of low refractive power that the po- 

izaUonof light {lyre/raction, which he also had made; larization is sensibly complete, a result of great im- 

whilst Arago'fl experiments on coloured polarization portance, which has been too much overlooked until 

were likewise unknown to htm through the same the recent and valuable paper of Jamin on the same 

want of international communication. subject. He deduced as a corollary, that at the 

(622.) The work on Philosophical Instruments, men- maximum polarizing angle the incident and relucted 

Tre»tlM OD tjonad above, contains, besides what its name more rays are at right angles to one another, and also 

■DD^l^ "' pt^icnlarly imports, numerous observations on re- Malus's experimental result that the rays reflected 

initni- fractive and dispersive powers, including the disco- from the Srst and second surfaces of plates are 

mantL very of substances more refractive than diamond, gimitltaneomlif polarized. He further discovered the 

and less so than water. It also describes the pro- fact that light may be completely polarized (as to 

perty of some agates to transmit light polarized in sense) by a sufficient number of reflections at any 

only one plane. The imperfect polarization of light angle, and drew the conclusion that the whole light 

by metals and by a serene sky had been anticipated undergoes some change at each rellection, in opposi- 

by Mains and Arago. tion to the view of Mains, who maintained that, 

(6M.) Prom this time (181 3) Sir David Brewster became except at the polarizing angle, a portion of the light 

^i*^ a regular contributor to the London Philosophical is polarized, and the rest is unchanged. 

optical »bV Tfo^actions, which, as well as those of Edinburgh, Sir David Brewster independently observed the po- (626.) 

jecta. contain a series of elaborate experimental investi- larizationoflighttran8mittedobliqueIythroughglass,^°P''***' 

gallons due to him, which have hardly been eur- and he calculated the number of plntes necessary ta|j^ 

passed. It is difficult to overrate the importance of polarize it with sensible completeness. All these 

these researches, whether for the intrinsic interest researches he resumed some years after (PAi7. Tram. 

of the phenomena they reveal, or for the significance 1830), endeavouring to give a photometric estimate 

of the empirical laws by which their author, with of the effects of reflection and refraction under all 

a rare sagacity, succeeded in classifying facts, and circumstances. The results as regards partially po- 

aSbrded a sure basis for farther generalization. The larized light may still be considered as subject to 

number and variety of these researches is so ex- doubt His skill in obtaining a mathematical repre- 

ceedingly great, and in many cases so impossible sentation of the phenomena was again displayed in a 

to explain without entering into minute detail, that number of laws connecting the experimental results.' 

I shall, in accordance with the plan of this essay, II. Mains hod observed that a vast number of (DS7.) 

merely indicate some of the most generally impor- substances depolarized light more or less completely ; Pol^ri^'ng 

taut by arranging them in groups. Such ore — and Arago found feeble traces of chromatic pol^'-J^h^Bd 

(63i.) I. The laws of polarization by reflection and re- ization in some specimens of glass. But the more^an: 

^tt"**" fraction, and other quantitative laws of phenomena, definite characters of the beautiful phenomena of 

imDorUnt. ^^' '^^^ discovery of the polarizing structure in- gloss not perfectly annealed (which proved to be of 

duced by heat and pressure. unexpected importance) were noticed, independently, 

III. The discovery of crystals with two axes of by Sir D. Brewster and Dr Seebeck of Numberg. 
double refraction, and many of the laws of their ph&< The latter had priority in publication,' bnt the former 
nomena, including the connection of optical structure correctly referred them to their immediate cans^— ^ 
and crystalline forms. the constraint produced by rapid cooling. Sir D. 

IV. The laws of metallic reflection. Brewster noticed that the unannealed glass which 

V. Experiments on the absorption of light. forms what are called Prince Rupert's Drops, had a 
(S2G.} I. Halus hod &iled to discover a connection be- remarkable power of depolarization ; and he also 

^V^"^ P"" tween the angle at which light is completely po- observed subsequently that the plates of glass be- 
by nflec- larized by reflection, and the other known optical tween which he was in the habit of squeezing heated 
tion. properties of bodies. In 1814, Sir D. Brewster wax and resins, for the purpose of optical examina- 
discovered the beautiful and simple law, " that the tion, transiently communicated tints to polarized 
index of reiroctiou is equal to the tangent of the light. These observations, duly developed, proved 
angle of polarization," He had suspected it much on the one hand that glass (and generally refracting 

1 Thai he found that tba effect of nfractioii on the plane of poUriiaUoD of tbs iucldeat light inaj be eiprsHed by this 
■Implv foriDiila — cotao a'= cotati a coi (i^f), where a and o'are the aiimath* of the platiea of polariiation of the Incidont 
and refracted raya meaiimd from the plane of rfSection, and t aad / the angles of incidence and reftaetion. Tbii reault, ad- 
mlrat>ly Terlflsd by eiperinent, la also conformable to FreinBl'i theory. 

■ In Schiaa'fgtr'M Jaunutl for 1813, vol. viL 1 have not been able to find In thia paper {which contain* tha flrit account of 
tbe beantlfol (ymmetrio coloured Ggurea dliplayed in cubea and cylinden of glaa) tba emalleat trace of tha tme g«um of tha 
phenomenon, via., the ludden or partial cooling of tha glaaa. 
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■olids not QSnall; poHseased of any pol&rizing action) a still more extraordinary and geometrical character, 

acqaired lucli properties hj being suddenly and nn- When a plate of topaz, split by natural cleavage, was 

equally cooled; and on the other, that snch sub' presented between the polarizing and analyzing plate 

stances undergoing partial changes of temperature, (or rhomb of calc-spar), and at the same time 

possess the same proper^. These phenomena are inclined in a certain manner, the colours were no 

exceedingly beautiful, and easily displayed. It is longer in broad sheets, but, if viewed closely, they 

sufficient to place a rectangular piece of glass, some- arranged themselves in oval rings of great beauty, 

what thick, with one of its longer edges in contact presenting orders of mixed colour analogous to those 

with a hot iron, and placing it between a polarizing described by Newton when formed between convex 

and analyzing plate, to incline the heated edge 46° glosses, and they were traversed by dark or white 

to the plane of polarization. Bands of light and brushes as the analyzing plate was held in the 

shade are seen to traverse the glass parallel to the dark or bright position. A second such system was 

same edge, and simultaneously appear also on the observed inclined at an (apparent) angle of 66° in the 

side &rthest from the heated metal. They pass gra- same plate. 

dually into rich coloured tmts diffused with geometric DrWollaston afterwards (1814) discovered a pbe- (030.) 

r^;ularity. Id the case of cubes or cylinders of glass, nomenon equally beautiful in calcareous spar, ofP''*"K«i*"" 

■addcnly, and therefore unequally cooled, the pheno- which Sir D. Brewster had already perceived traces ^ 0°^'"^ 

mena are permanent, and the colours splendid, being in some other crystals. Concentric with the posi- bj nniuai 

arranged in patterns which may be made to resemble tion of the axis of double re&action (or optie amt), ei^tul*. 

those of natural crystals. in a crystal of that mineral out with two parallel 

(OSS.) Sir David Brewster at first ascribed these effects faces perpendicular thereto, a series of perfectly sym- 

f"^ ^ to the direct effect of the heat in the glass upon metric and exquisitely coloured rings are seen in po- 

jaeud to ''S^'i '^"^^ compared its simultaneous influence over larized light, having a white or black erota travers- 

pnuars. a whole plate to a polar influence. Another curious ing them, according to the position of the analysing 

discovery, also duo to him, leads to the simpler con- plate. This magnificent phenomenon, which (except- 

dusion, that in every case the development of a ing, of course, the rings of biaxal crystals mentioned 

polarizing structure is due to the varying tension above) has perhaps no parallel in optical science, is 

(transient or permanent) into which the particles of seen in the most perfect manner possible in an appa- 

the glass are thrown by local expansion or by irre- ratus constructed solely of Iceland spar, cemented by 

gular cooling. This discovery was, that similar Canada balsam. A Nicol's single-image prism^ is 

efects may be produced in jellies and soft transparent used to polarize, another to analyze the light, and 

substances by the effect of pressure, and that even between them is a plate of calcareous spar properly 

glass itself, when strained in any way by mechanical cut. It is a truly astonishing paradox to see the 

force, shows depolarizing bands ; and crystals may union of three, perfectly ftansparent and colourless 

have their peculiar optical phenomena altered by crystals display by their union such an exquisite 

pressure. Fresuel, not satisGed with inferring that combination of formand colour. The pole or centre of 

the chromatic display is due to a doubly-refracting therings in calc-sporcoincidingwith the axis of double 

structure communicated to the glass, contrived, by refraction, of necessity suggested the idea that topaz, 

on ingenious arrangement of prisms, actually to which shows two systems of rings arranged round two 

exhibit the separation of the images under the action poles, must possess two axes of double refraction ; 

of powerful pressure. in other words, that there must exist vrithin the 

((ISO.) III. Possibly (he most remarkable of Sir David crystal two direetioM (not mere lines), parallel to 

"^'•|7 Brewster's discoveMCS, — at nil events, that which which a transmitted ray emerges without subdivision 

erjitkU. probably cost him most labour to develope, — was that into two pencils. 

there are crystals possessing two axes of double re- This probable conjecture was verified by careful (ssi.) 

fraction, and showing many remarkable phenomena, observation, not only in topaz, but also in a vast DoabU lyi- 

which indicate a connection between optical structure varie^ of other crystals which were found by Qii^^" °f *^ 

and crystalline form. Ko one before him suspected David Brewster much more commonly to possess two ^' ' 

the existence of a doubly-refracting structure differ- than one system of rings. Amongst the earliest ex- 

ing from that so ably investigat«d by Huygens and amples which he observed were nitre, mica, acetate of 

Malus in Iceland spar. In 1813 Sir David Brew* lead, and Rochelle salt. Of these the first is exceed. 

ster had discovered coloured rings in topaz when ingly remarkable for the small inclination of the axes 

viewed by polarized light. Though intimately con- (about 5°) which permits both systems of rings to be 

neeted vrith M. Arogo's olwervation of colours in readily observed at once. It was not, however, for 

crystallized plates, these interesting phenomena had some years (1817) that he reduced these most 

' Ths InvantloD of • matt Ingenloiu penon, the Iita Ur Wllll&m Hied of Ediaborgb. One of the donblj-nfntcted i*yt ia 
thrown eomplelaly oatof the field tw nndargidDg total Tefiectioo at the aiirfiioa of ■ film of Cuiads bslmn in contact with Iha 
■par, whilit the other leaa reft«Dglble rs; procaedt qoltn iwlsted, and with icvcely tnj lost of briJIIulGy. It I* of nlmaM 
, Bnlvanal application in Udi branch of Optict. 

VOL. L 5 2 
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R pheoomena to anything like a law. It was reflect is veif peculiar. Mains, whoatfiretbelieTedl'Ovsof 

evident almost from tbe first, that the axes in ques~ that they were incapable of polarizing it in any ^"'a^i 
tion (which he termed axes of no polarization) are gree, afterwards changed his opinion, and inge- 
oaly the ruiM^ntf of remoter fundamental actions of niously suggested that whilst transparent bodice 
the crystalline constitution. For example, these reflect, at the polarizing angle, light polarized onlyin 
^res vary in position according to the colour of the one plane, metals reflect rays oppositely polarized 
lig^t used to display them ; their position within the and then mixed. Sir David Brewster has the merit 
crystal varies (aa was shown by Mitscherlieh) witli of having, after several unsuccessful attempts, de^ 
the temperatura of the body, nor is it obviously duced the leading empirical laws of metallic polari- 
related to any of the geometrical lines of crjatalliza- zation, having been partly guided (as he states in his 
Jmw tit iliction. Sir David Brewster saccecded in finding the pajier in the Phihaophxeal Tratuaetiom for 1830) 
""*•■ law of the tints expressed upon the surfatre of a by Fresnel's remarkable experiments on circular 
sphere of which the directions of the two axes form polarization produced by total reflection in gloss 
diameters. M. Biot expressed the law more ele- (see Art. 491). Having found qualities somewhat 
gantly by saying, that the tint developed by a biaxal analogous in light reflected one or several times from 
crystal in any ray, is proportional to the product of metallic plates at various angles depending on the 
the sines of the angles which the ray in question nature of tlie substance, he gave to the light so re- 
makes with the two optic axes. The tints are con- fleeted the name of ellipttcally polarized light. It 
sequently arranged round the two poles of the axes, was afterwards satisfactorily proved by Mr Airy that 
in a series of curves resembling the figure 8, having the light so named by Sir D. Browster is in fact 
•ach this property, that the product of the sines of identical in its qualities with the elliptically polar- 
tbe angnlar distances of each point of one curve from ized light of Fresnel. 

the two poles is equal to a constant quantity. Such The subject of metallic polarization is rather too (G34.) 

curves are called lemniscates, and are beautifully abstruse to be explained in a popular way; and the *'**■'•■* 

seen in nitre, especially when viewed by homi^o- phenomena produced with depolarizing plates of dif-jj^^ 

neooi light. ferent metals are not so well known as, according to 

(S32.) ^ series of researches of the most elaborate their discoverer, they deserve to be. My limits only 

ItdatioD of description led Sir David Brewster to this addi- permit me at present to state that the care and aocu- 

"P'i^'^'''' tional and admirable discovery, viz., that the optical racy of Sir D. Brewster's results are nnquesttonaUe; 

,;,y,i^j„, characters of single refraction, double refraction that they have formed almost the sole data upon 

fbrni. with one axis, and double refivction with two axes, which M. Cauchy and other mathematiojans have 

have reference invariably to the primitive crystalline based their theories of metallic reflection ; and that, 

form of tlie mineral, and that the complexity of the by generalizing the more limited views entertained by 

optical character is as invftriably related in d^ree to Fresnel as to the constitution of media and the nature 

the complexity of the crystalline figure. Cubical and of reflected light, they have been mainly instrumental 

regularly octahedral crystals (as rock talt and Jlaor in fixing the later views of optical writers as to the 

■piir)beaiig possessed ofperfectsymmetryin three prin- precise phenomena of polarization as produced, not 

cipal directions, possessalso simple refraction. Crys- only by metals, but by other gubstaoces. To these 

t^s with one predominant line or axis of symmetry views I shall briefly advert in the next section. 
— as rhombohedrona, octahedrons with square bases, Tlie Jaws of the reflection of light at crystallized (S3S.) 

right prisms with square or hexagonal bases — have a surfaces have also been studied by Sir D. Brewster, 

single axis of double refraction. Such, for instance, ore In this case obeervadon is still in advance of theory. 
Iceiand tpar, tireon, iet, beryl. Finally, all crystals V. Of Sir David Brewster's, experiments on the (S36.) 

unsymmetrical in the three principal directions, in- absorption of light we must speak much moreAtHorption 

eluding prisms and octahedrons whose bases are briefly. 'White light is coloured or analyzed by^^^'Klit. 

not gqvoTf, and those which are oblique, have two refraction (as in a prism) ; by simple interference, as 

axes of douUe refraction. The rarity and minute- in Newton's rings ; by double refraction combined 

ness of many crystaU, the difficulty of cutting them, with polarization. But it is also decomposed in a 

and when cut, of detecting their optic axes, evi- way which, primarily at least, seems different ftom 

dently made the research one of extreme labour, yet all these, — by passing through coloured, or rotoer, 

highly remunerative, not only through the discovery colouring media, whether solids, liquids, or gases, 

of the gencml principle, but by the vast amount of as red glass, ink, chlorine. This, the most familiar 

beantiful and varied optic displays witnessed in the mode of coloration, is the most dif&cult to account 

eourae of it Sir David Brewst^ was nearly, if not for, and has been (on account of its obscurity) less 

quite, alone in this research, and after a short resis- studied than the others. In some instances, the 

tance on the part of some mineralogists, his principle complementary colour (that which, added to the 

of discrimination of primitive forms of crystallization transmitted tint, makes up white light) is entirely 

by optical characters has been perfectly established, absorbed or lost; in other cases it is reflected at or 

(S33.) ^^' ^^ action of metals on the light which they near the first surface of the medium. Sometime* 
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the trtmsmitMd light ia made up of different portions electric spark Tutve their peculiar defidetwMea di&' 

of the Bpectrunt curiously blended, whilst rays rent from those of onr sun. These were disco- 

intermediate in the order of refrangibility are wholly vered by Fraunhofer, as well as their occurrence in 

stifled. Many crystals have the carious property of certain coloured flames. The order and number 

dichroism, that is, of transmitting light of dif^nt of the lines is, in each case, independent of the 

colours in different directions. All these facts have kind of prism used ; but the angular dutribtUion 

been very carefully studied by Sir David Brewster. of tho deScient rays varies with the materiid. 

(S37.) But the most remarkable phenomenon to be noticed Thus an oil of cassia prism expands most in pro- 

r^^"^ underthiahendis the wonderful action of nitrous acid portion the less refrangible end of the spectrum; 

BltroDi S'^ upon light.' When a beam, either of eanlight, or while water and sulphuric acid act with dispropor. 

Mldgu thelightofalamp, is passed throughabottlecontain- ttonate dispersive energy on blue and violet light. 

oDliglit. jgg ^ small quantity of fuming nitrous acid, the tight Tliis property t^substuices had been already studied 

emerges of a tawny orange colour, which may be by Sir D. Brewster with his usual diligence; but the 

deepened indefinitely by heating the acid. If this light importance of Fraunhofer's discovery was this, that 

he then analyzed by a common prism, a wonderful the lines (the larger of which he distinguished by 

spectacle is seen. The spectrum appears traversed letters of the alphabet) furnish landmarks which de- 

1^ countless bands or dark spaces, whilst the blue Gne special rays of light invariably recognisable under 

and violet colours are nearly absorbed. The effect all circumstances, which the vague description of 

of the gas, then, is this, — to stifle or absorb countless their tints ia quite incompetent to do. This enabled, 

minute portions of light seemingly selected at ran- on the one hand, the practical optician to discover 

dom from every part of every colour in the whole the kinds of glass most fit for achromatic combino- 

spectrum. Some of these deficient rays are broad tion ; and, on the other, it sllarded precise numerical 

and palpable, but most of them are so fine as to be measures of the queUity of ditpersiventss in bodies 

visible only with the telescope. To understand the which have been partly already, and will yet much 

full import of this discovery, it is necessary to more become, tests of some of the more obscure and 

describe first the Una of Prawnhofer. diSicultportionaof thetheoryoflight, — those, namely, 

(B38.) JosKfH FsAUNHOPER, born in Bavaria, of humble which are connected with dispersion and absorption, 

Fnnnhofcr pm^Qts_ jn 1787, raised himself by his naassisted. Fraunhofcr was, after Dollond, the moat eminent and 

tba(pM>° cflbrts to be the first practical optician of the day, sdentific mann&cturer of achromatic telescopes, of 

trnm. He had also the merit of devoting his leisure and which he vastly increased the aperture. He died at 

the fine apparatus at his command to the obaerva- Munich in 1826. 

tion and discovery of many optical phenomena, par- Returning to Sir David Brewster's discovery of the (S40.) 

ticularly those diflVactive colours produced by fine artificial production of analogous lines or deficient Acttwi of 

gratings, which are known under the name of Fraun- rays in light fivm any source, its importance is easily 'tsP^^' 

hofer's spectra.' His principal discovery, however, perceived : — for, in the first place, it so far accounts BMih'> u- 

was (in 1814) that of countless deficient or dark for the strange phenomenon of the deficient rays moipbera 

lines in the solar spectrum, resembling those which, of the sun's light, by showing that it may be cauEed '"' ^ 

as we have mentioned, were afterwards observed by by a gns resembling nitrons add gas in its proper- 

Sir D. Brewster, to be produced in any kind of ties existing in the solar atmosphere ; and, farther, 

light by the action of nitrous gas. The deficient rays if so astonishing a result of absorption is ever to be 

of solar light had, indeed, been observed stilt earlier explained by theory, the first step is to be able to 

(in 1802) by Dr Wollaaton, but he counted only a produce the phenomenon at pleasure, and to examine 

very few of the more conspicuous ones ; he described the qualities of the bodies producing it. The phe- 

them merely incidentally, and (unusually with him) nomcna of coloured flames which possess standard 

seems not to have perceived the great value of the dis- deficient rays, present perhaps a closer analogy to 

coverybothina theoretical and practical pointof view, the sidereal spectra. Sir David Brewster has far- 

<539.) Fraunhofer's twautiful map of the spectrum, tra- ther found that the absorptive action of the earth's 

harlndtm- '^"^ ^7 ''°^8 "f every grade of darkness, and clus- atmosphere (detected by the varying character of the 

porunce. t*™^ with every conceivable variety of distribution, spectrum for different angular altitudes of the sun) in- 

was published in the Munich Transactions. He creases thennmberand also the breadth of these lines, 

counted 690 lines, but Sir D. Brewster states that he Intimately connected with, and nearly of the same (Ml.) 

has carried the number to 2000. Like the stars, they date as these experiments, was an observation of Sir °''' ^"'^ 

are probably conntlesa. These lines characterize solar D. Brewster's, which has received less general assent „^,j[g of 

light. The light of the fixed stars and that of the tlian any other of the nnmerons and important ones the ip^c- 

» .Bdiiiitirji TronKKIioM, vol. Ill, (1833). 

* The peciillirltjr of theie speetn JBthii, that thej copitit ot pun ooloart, irhilgt slmoBt all intVrference-CDiaan >re, like tboia 
ef Natrton's ringi, mixed iDd impure. One mult ii very remarkable. Fr&unhofer obtained hia spectra of auch brllliiDcy ai to 
be uble to measure the poiition of the dark liaea (ao eTidence of their exceeding purity), thus obtaining • itaniJard iptctrtMt in 
which the nuterlal of Ilie prlnn hu no inHuence whatever In varying Uia ratio i^ tbe dlapertion of the varioiu oolourg. 
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wbich we owe to his genius. It is an analysis of the which have a very close reUtion to those of Sir David 

coloured light of the (so-called) homogeneous rays of Brewster. 

the pure spectrum by the specific action of absorbing Thouas Sbbbbck was born in 1770. We hare (S4i. 

sabatances. Sir D. Brewster believes that he has seen that he was oae of the discoverers cf the depola-'^^Mk 

separated the homt^neous orange of Newton into rizing atructure of heated and compressed glass (627). 

red and yellow, the green into yellow and blue ; and In 1816 he observed, independentiy of M. Biot, the 

that, in fact, each of the three primary colours exists property of oil of turpentine and other 6uids to rotate 

at every point of the spectrum. But as grave doubts the plane of polarization of light transmitted through 

have been thrown on the results, espedalij by the them, thus acting similarly to a crystal of quartz on a 

recent careful experiments of Helmholz, I eball not ray passing along its axis (612). Previously to these 

further insist upon them here.' Still less con I take discoveries he had repeated Sir William Herscbel's 

notice of a multitude of microscopic researches on el ezperimeut on the position of maximum heat in the 

variety of objects in theaaimal,vegetnble,aiidniineral spectrum, and found it to vary with the material of 

kingdom, and on the physiology of vision, with which the prism. Wheo the science of electro-magnetism 

SirD. Brewster has filled a multitude of memoirs, was created by Oersted in 1619, his attention became 

each bearing testimony to the zeal and ocuteness by chiefly directed to that class of phenomena, and in 

which his researches are directed. 1823 he was fortunate enough to discover tbermo- 

Sir David Brewster received, in 1816, jointly with electricity. Hb also wrote many papers on allied 
Seebeck, one of the great prizes of the Institute; he subjects. He was a skilful observer, but deficient in 
also received, in succession, all the medals in the gift the power of physical analysis. He died in 1831. 
of the Boyal Societies of London and Edinburgh, and M. Biot, at the time I write, the oldest member rS45.^ 
he is an honorary member of the principal academies (I believe) of the Academy of Sciences, and one of *(■ ^''*" 
of Europe. Inparticnlar, heisoneofUieeightasso- the veterans of European science, was bom at Paris ^^JI^* 
date-members of the French Academy of Sciences, in 1774, and has lived to the age of 60, a life of (nrchea. 
To meteorology he has been a valuable contributor, almost unintermitted intellectual labonr. It is im' 
having discussed in an able paper the law of the possible not to be touched by the evidence of such 
distribution of temperature over the globe, and unconquerable love of knowledge. He was, if I 
pointed out the near coincideura of two regions mistake not, one of th'o original pupils of the Poly- 
or centres of greatest cold in the northern bemi- tecbnic School ; and his talents being first developed 
sphere, with the magnetic poles. His papers are in an almost purely mathematical direction, he at* 
so numerous, and their variety is so great, as to tracted the notice of Laplace, who introduced him to 
render an enumeration, even of those containing what the Institute, aud by whom he was always befriended, 
may reasonably be termed diseoveria, impossible In 1802 he published a work on curves and surfaces 
within our limits. Few persons have made with of the second degree, and wos the first after Lambert 
their own eyes so vast a number of independent who thought of applying mathematics to the theory 
observations ; few have ever observed better, or re- of conducted heat. From this time his attention 
corded their observations more faithfully. He has was almost exclusively directed to the applied sciences, 
discovered (as we have partly seen) a multitude of and the number and variety of his experiments and 
laws of phenomena of the greatest importance in the writings almost baffles enumeration. Descriptive and 
construction of a theory, but he has not been forward practical astronomy, the theories of sound, of light, 
in proposing such a theory. Neither the moveable of the voltaicpile, of terrestrialmagnetigm, of electro- 
polarization of Biot, nor the transverse undulations magnetism, of heat, radiant and combined, have been 
of Young and Fresnel, received his cordial assent, the subjects of his studies and writings. We find him 
Generally speaking, he has been favourable to a cor- in the earlier part of his career associated with Gay 
puscular theory of light, without, however, attemptiog Lnssac in his first aeronautic expedition, and with 
to render the Newtonian view mechanically consistent Arago in the geodetical lud astronomical operationa 
with the astonishing variety of complex phenomena of the great arc of the meridian. He afterwards 
which he aided in discovering, and which would evi- carried the pendulum to the Islaad of Unst, the 
dently require it (to say the least) to be completely northmost land in Shetland ; and he made original 
remodelled. His scientific glory is different in kind experiments on the propagation of heat and of sound, 
firom that of Young and Fresnel ; hut the discoverer He wrote a voluminous treatise on descriptive and 
of the law of polarization, of biaxal crystals, of op- practical astronomy, one still more elaborate on 
ticol mineralogy, and of double refraction by com- general physics, and a vast number of miscellaneous 
pression, will always occupy a foremost rank in the papers in the Journal det Savans and the Biographia 
intellectual history of the age. UnivertetU. His original memoirs in the Trans- 

Before closing this section I shall add a few words actions of the Academy ore usually very long and 

respecting the discoveries of MM. Seebeck and Biot, elaborate, his calculations and empirical formnln 



8«a Sir D. BrcwtMr'i itatement uid daftnca of bli opinloiu in hla Life of NvirtoD, voL 1., p. 117, Ao. 
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laboriouBlj accnrate. One of his papers fills an qaartz), and n^tire (ai caleareoiiB spar). In the 

entire volame of the Academy's Memoirs. Even former the extraordinary wave is a prolata spheroid, 

the astronomical hieroglyphics of the Egyptians, and and inclosed within the ordinary spherical wave ; in 

the chronology of Chinese eclipses, hare drawn from the latter the spheroid is oblate, and exterior to the 

his pen learned treatises ; and he has expounded the sphere. He also discovered (very approximately) 

labours and discoTeries of his countrymen and others the law regulating the plane of polarization of tlie 

with almost as much care and effort as if they had rayi in bioxal crystals. 

been proper to himself. But his subject by predi- M. Biot has for about half a centnry been an active (Bi6.) 

lection was optics, and here he made his moat eon- professor andmemberofthe Institute. His researches, 

liderable discovery, and that which he has followed always marked by precision, are perhaps deficient in 

out with most minute industry, namely, the rotatory bold conjecture and happy generalization. They are 

action of fluids, in which he had Seebeck for a co-dis- conducted with a mathematical stifFness which allows 

coverer. (See Art. 612.) He studied the colours of little play to the fancy, and in hypothetical reason- 

crystallized plates with exemplary patience, and as ing he rarely indulges. His style is formal yet diSnse, 

we have seen in the preceding section, by his accu- and consequently somewhat repulsive to the student. 

rate observations on the law of the tints, prepared His works are cocseqaently not easily read, and have 

the way for the theory of transverse vibrations ; but contributed less to the progress of knowledge than the 

his own doctrine of moveable polarization, which he scmpulons care often evinoed in their compilation 

imagined to explain them, made no impression on might seem to warrant. Yet the name of Biot will be 

the progress of science. He was the first who di- ever associated withdevotion to science, and especially 

Tided doubly-refracting crystals into positive (as with the progress of optics in oar own day, 

§ 6. Mr AiRT, Sir William R, Hamilton, cmd ProfeBsora Lloid and Maccullaoh. — Con/rma- 
tion of Fretnel's Theory — InveetigatUm of the Wave Surface completed ; Corneal Refraction. 
— M. Caucht. Mechanical Theory of Elastic Media, and of Ordinary and Metallie 
Reflection; M. Jamin. — Theory of Ditpereion ; Professor Powell, 

<84T.) It would not he possible, in one short section, to belonged to Great Britain,' a few of the moat conspi- 

ProgrsM of do jufltice to the varions improvements and additions cuonsofwhom are named at the head of this section. 

J j^™j?~'whioh the undulatory theory of light — the jointcrea- The attention of the British public was forcibly (E49.) 

orj line* tion of Huygens, Young, and Fresnel — has received called to the theory of Young and Fresuel, by an 8'' J. H»?- 

FraraaL since the nearly simultaneous decease of the two last- able treatise on Light, contributed by Sir Jobn ^^ j^||||r 

named philosophers. But while a vast amonnt of Herscbel in 1827 to the Eneydopadia MetropoUtana. 

labour and of mathematical and experimental skill The exoellent method, lucid explanations, and intel- 

has been thus expended, of which it would be in viun ligent zeal which marked this essay compelled the no- 

toattemptwithin our limits to give an account, we may ticeofmenof science, too long deterred ^m the study 

pause upon two or three of the more conspicuous re- of the fragmentary and abstruse writings of Young. 

suits of these researches, which, in conformity with It was followed four years later by a most able and 

the plan of this dissertation, may give a tolerable precise mathematical exposition of the theory, and its 

idea of their general tendency. application to optical problems, by Hr Aiet (now As- 

(SM.) Looking at the history generally, we find one cu- tronomer Royal), who was then Flumian Professor at 

Pwmliui- nous pecnliority in the progress of this remarkable Cambridge, and who introduced this part of optics 

hiTio^ theory. Its origin in the seventeenth century was as a branch of study in that university. Whilst the 

unattended with sympathy or success. It received excellent tract on the undulatory theory (published in 

little support, and was well nigb forgotten for more 1631 in his Mathematieal Traett) opened up the 

than on hundred years: it was then resumed (we might subject In a most accessible form to British mathe- 

almost say re-invented) in England, but it remained maticians, his original papers in the Cambridge 

unpopular and almost unknown until re-echoed fivm Trantaetiom confirmed the doctrines of Fresnel by a 

a foreign land ; while in France itself the views of number of new and admirably contrived experiments, 

Fresnel were (with one or two exceptions) as little some in connection with intcnference, some with po- 

appreciated as those of Young had been in England, larization, and all were confronted with the rigorous 

From this period England became the place of its results of the mathematical theory. The paper on 

chief development ; and with the exception of one Quartz, and that on the Bainbow, have been already 

eminent philosopher, M. Cauchy, its supporters and referred to (art. 466, 512). The writings of Mr Airy 

extenders, whether hy analysis or experiment, have and of Sir John Herschel have continued to be tlu 

> If. Iftdrno (1 Frgnchman), writing in IB17, lammta that 7nnc« wu then perb*n th* only conntiy in which thi uperimant 
of " eonlead rsftaction" (tfaa triuaiph of Frarasl'i thaorj to be praMntly m«DUaii«dJ had DiT«r baen npoUd, 
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iniunsoarceflofinformationont)iiB8ubject,andonphy- conoidal [nt M P N. Now 

sical optica geneTallj, not only in this countrv but on suppose a slender ray of light 

the Continent. It is remarkftble that in France, which to move through the crystal is 

poBBesBea bo many admirable scientific books, there the line P, arid to emerge 

■hould not exist a single good treatise on optics, into air at a surface of t£e 

Had not Mr Airy's attention been necessarily with- crystal cut perpendicnlar or /[ { 

drawnfromoptics to astronomy, it is very evident that nearly so to the direction of '' 

the theory of light would hare received from him single ray-velocity P. If we 

many f^her important additions. contino our attention at first to 

(SGO.) Whilst an impulse was thus given to the mathe- the plane of the figure only, 

R Homil- 'w**''^ theory of light in the University of Cam- that ray having intersecting 

ton »nil Dr bridge, a similar progreas was being made in the tangents both proper to tho wave surface, would 

Lloyd. sister University of Dublin, where three of her most give rise, on Uuygons' conattuction (art, 476), to two 

eminent professors. Sir William Rowan Hauilton emergent raya inclined at an angle. But aince this 

and Professors Llotd and Macccllagh devoted is the case, not only in the plane of the figure, but 

themselvesenergetically to its improvement and veri- (as bos been stated) in any plane passing throngh 

ficatieo. the ray in question, the emergent light must form a 

(561.) Tothe two former ofthesewe owe the prediction and conical luminous sheet, the angle of the cone being 

Contcil re- ocular demonstration of the most singniar and critical determined by the refractive properties of the crystal. 

J^"" '" of all the results of Frcsnel's theory. Sir William This beautiful and unexpected result was verified with 

crjauli. Hamilton, a geometer of the first order, having un- great skill and address by Dr Lloyd in the ease of 

dertaken the more complete discnssion of the wave Arragonite, which is a hiazal crystal, and be found 

surfoce of Fresncl (see Section Third of this Chapter), the position, dimensions, and conditions of polariia^ 

to the equation of which he gave a more elegant tion of the emerging cone of light to be exactly auch 

form than heretofore,' ascertained the exact nature as theory assigns. When all the necessary correc- 

of that surface, and consequently the exact direction tions are attended to, the angle of the cone of light 

of refracted rays in the neighbourhood of the " optic is about 3°, There is another case of conical (or it 

axes." It hod been shown by Frcsnel that, in tho case might be called cylindrical) refraction, which occurs 

of crystals with two axes, a plane section in a certain nearly ia tho same portion of a cryatal, which was 

direction cuts the two sheets of the wave surface in predicted and discovered in like manner, but which 

a circle and in an ellipse, which necessarily intersect we will not stop to particularize.' The observations 

each other in four places. (See the annexed figure.) of Dr Lloyd have been extended by M. Haidinger to 

In the lines joining these four points with the centre the cose of Diopsido, a cryatal also having two optic 

of the figure the velocity of the two rays ia equal, axes. 

Now the aw/M or sharp inflections of the wave surface Every one capable of appreciating such evidence, (552.) 
in these particular directions, occur not only in the will feel the irresistible impression which so curious Otbar 
particular plane of section which we have considered, an anticipation, so accurately fulfilled, gives us of the "'"j!! °^ 
butin any sectionof the wave surfacepossing through positive truth of a theory admitting of such veri-„iiton „id 
these lines of equal ray- velocity. In the figure, there- fications. The names of Sir W. Hamilton and DrDrLlojd. 
fore, of the compound sheet there is uota/urroui, OS Lloyd will be handed down to posterity in connec- 
Fresnel had supposed, but a pit or dimple, with tion with this admirable discovery. But they have 
arched aides aomething like the fiower of a convol- also other claims to our respect, to which we can 
vulos, and the surfaces meet at the bottom of the pit here only refer in the most general terms. The for- 
at a definite angle. Let the circle and ellipse, mer bus generalized the most complicated cases of 
in the annexed figure, represent the section of the common geometrical optics by a peculiar analysis de- 
wave surface we have described i then O P is the line vetoped in his esaays on " Systems of Raya" (Irith 
of uniform propagation, and P ia the bottom of the Acwiemy 7'ranaaetioiu, vols.xv.-xvii.)' To Dr Lloyd 
~rZ. \ '. ^ I I'*!'' A^ _n —-^ 

' It wu ■howo.by Sir fV. HudUUd ttut tbe taogsnt pUns M M toucb«i chs wave Burfucs, not Id two polDli merelj, but in k 
tlrcU of contact i coQiequently, tba perpendlculu to thia tangent plane, OM, ii the direction of one of the optic aiei (or tbe velo- 
city is Cbe Bme far both portio as of the compound wavt). Hence a rny Incident eil«rnslly sou to be refhicted along (hia perpen- 
dicular, will at entrance spread into a bollow cone interior to tbe cryatal, and oa emergence at > parallel face each portion of 
the raj recovers a directioa parallel (o its primitive direction, and a luminoua hollow cylinder is the reault. See Dr Ldojd, in 
the Iriih Aeadtng TVaiuocti'oni, vol. avii., and Sir W. H. Uomiiton's third supplement to bis " SyatemaofRap" lathe same vol. 
» 8ir W. R. Hamilton la alao a discoverer in pure analysis and its connection with geometry. Following up the ideas of Mr 
Warren on the geometrical aignlficance of tbe symbol V* — 1| aa indicative of direction, Sir W. Hamilton has developed the theory 
Qnatep- gf ^ gg^ d^j, of Imaginary ijuantitiei, which he terms fuaimn'oni, by means of which he contrives to eipreH limullaaeoualy 
DioDi. Qgg direction in space and magnitude of a line or form ; and tbia calculus he baa applied to tbe solutions of problems of geometiv 

and phyaieal astronomy. The quaternion appears to express something even beyond this ; and this redundancy hss been consi- 
dered as adifflcnlty b; soma mathematidana. Tba soperfluOQl nomber Is considered by !Hr W. Hamilton as repreaanting ttmt 
in mechanical problems. 
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we are indebted for sereral intereatiag experimental from them at least a matliematical congmity with ob- 

papers on optica, for an able and impartial review served facts. The progress of science shows Uiat 

of the progress of the science,' and for an excellent there is a pcactical usefulness in this step. On the 

elementary treatise on the Wave Theory, which forms other hand, we must not be disconmged to find 

by &r the beat popular introduction to the subject. that there are so many handles to the matter, that 

(ESS.) Cloaely assooated in his pursuits, as in personal even the most profound thinkers may conceive that 

MmcdI' rriendsfaip, with Sir W. R. Hamilton and Dr Lloyd, they have readied the proposed end by different and 

W^ was JAKEflMAccnLLAOH.anativeof Tyrone, bom in iocongrnous routes. Besides the mathematicians 

1809, and who died prematurely and unhappily Oc- whom I have mentioned, many olli era were in the 

tober 24, 1847.' His first paper was commnnicated field ; for the result of tremors propagated through 

to the Royal Irish Academy at the age of 21. It elastic media of different kinds is an enquiry of es- 

wos one of the earliest original contributions of this ccssive generality, and forms a part of many branchee 

country to the development of the theory of Fresnel. of science besides optica. ^M. Conchy, Navier, 

The constraction of the wave surface in biazal crya- Poiason, Coriolis, Green, Eelland, and Neumann are 

tals was simplified and improved; and in 1835 a amongst those who attacked the problem. Foraseriee 

second paper appeared, in which geometrical construe- of years memoirs rose fast and thick on this favourite 

tiona of great elegance were employed for the farther battle-field ; and even a skilful mathematician might 

investigation of the subject. Mr MaccuIIagh next at- find it no small penance to discuaa the merits of the 

tacked the theory of the undulations of ether in quartz various hypotheaes and the solidity of the respective 

crystals, to which he gave a mathematical expression deductions which were proposed. 

(see art. 512). In 1838 he published a paper on the It must be owned that a great part of this ''"t J^^^^ 
laws of crystalline reftectlon, in which he adopted mathematical toil has been without immediate result |„ ^ 
certain hypotheses, such as that the vibrations of the in optics. It is by comparing the conclusions ar-tlet. 
ethereal particles, in the case of polarized light, are rived at by authorities of seemingly equal weight, that 
parcUlel to the plane of polarization (contrary to Frex- we learn the difference between a stable physical in- 
nel's opinion),and that the density of ether is the same duction and a clever mathematical hypothesis. Mac- 
in all media. In a subsequent memoir on thedyna- cnllagh, for instance, maintains the vibrations of ether 
mical theory of reflection and refraction, he arrived to be parallel to the plane of polarization ; Fresnel 
at similar results with fewer physical assumptions, and M. Cauchy* that they are perpendicular. The 
and by a more purely mathematical treatment of the first mathematician considered that the vibrations are 
subject. Subsequent researches, presently to be men- wholly trangvertal, the last believes that the normal 
tioned, have diminished thevaluoofthesetheoretical vibrationa have alao their share in affecting the 
investigations, phenomena, whilst Poisson denies that transversal 
(951.) Numerous mathematicians of eminence at home vibrations can bo propagated to a sensible distance. 
^aoriM'^ and abroad entered npon the same ardaons enquiry. Maccullagh finds that, to account for metallic reflec- 
vibratoiy To attempt to deduce from the hypothetical constitu- tion, the indices of refraction of mercury and silver 
motion. tion of a very rare highly-elastic medium, together are 16-0 and 36-0, whilst Cauchy makes them but 
with the known dynamic laws, the various complicated 1'77 and 0'34, One theorist assumes that the 
facta of optics, wasaproblemwhosedifficultywas only density of ether is the same in all bodies, another 
equalled by its indefinite character. For how little that it is greatest in a vacuum, and others pre- 
do we know of the molecular constdtution of auch cisely the reverse ; one that vibration is not accom- 
fluids as air and water ? How much teas then of a panied by change of density, another that it is ;* 
fluid(ifwemayao term it) almost infinitely rarer, and and so on in almost endless variety. A matured 
incapable of being inclosed, measured, or weighed f opinion can only be formed after the results of the 
The bare possibility of tramvergal undulations was various assumptions, and their congruity with facta, 
long contested by very able mathematicians ; and con- have been more thoroughly worked out. Already 
ceding it, the mutual influence of such an ether and two of Maccullagh's essential postnlatea have lost 
the particles of gross matter [as showu by reflection much of their plausibility ; that respecting the di- 
and refraction) must, it would seem, for ever remain rection of the vibrationa in polarized light haa been 
problematical. Yet, however gratuitons or even er- probably decided by Professor Stokes in fitvonr of 
roneoos our reasonings about such ultimate questions Fresnel'a opposite view, by an admirably devised ex- 
may be, there is no doubt a real benefit in obtiuning periment on the effect of difihietion on polarized 

> BHtbk Amtiatiim B»por*t tor 1831. 

* It if muMcaaary to lupproM tbe fact that Mr MKenllagb died b; hli own baud, nadar (he praaanre of a fit of daapondancy, 
brooght on ^t U ballevad) bj orer-work ; t, fUa bappUy extremalj Tsra unongit rtudenti of exact scisnce. I aa; It ia nacdlaai 
t« tupprcsa th« fact, baesBia it Infara bo blaae. Mr Unecollagh vraa an amiftbie, plom, and aiemplary mail. Imcponaible In- 
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rays^; the existence of normal vibrationB teemt to facts to the ordinary laws of polamadon by refleo> Theory oT 
be proved by the ingenions eicpertments of M. Jamin, tion. As early as IQli (PhUotopkieal Transactiont, *''*'°'' 
ahowing that at no an<7!a is light perfectly polarized 1814, p. 230), Sir David Brewster had remarked that^^Q^ {„. 
by reflection. The more we see of these diversities BuchhighlyrefTactiveBubstancMasBealgar,I>iamond,cludiiigtba 
arising in the progress of science, the less are we and Chromate of Lead, do not polarize, at any angle, "** °^ 
disposed to found on merely mathematical concln- the whole of the reliected light. Mr Airy afterwards 
sions from an assnmed constitution of elastic bodies ; showed that light reflected from diamond near the 
the more, on the other hand, do we admire the ad- maximum polarizing angle, possesses qualities k- 
miiuble ss^city of Fresnel — the real Newton of sembling those of light reflected from metals. The 
modem optica — few of even the least of whose sug- same view was more generally stated by Mr Dale;' 
gestive anticipations have fallen to the ground. audla^tof all, M. Jamin showed that all transparent M.Jamtii. 
(SG6.) M. Adg'dstin Louis Caucht has been long known substances polarize elliptieally the light which they 
H.Cauoby ^ on* of the ablest and most prolific mathematical reflect, — the difference of "phase " of the two compo- 
■nathammti- ^"iters of this century. Besides nnmerons and im. nent vibrations increasing from 180° at a perpen- 
ol Iftboun. portant memoirs, on nearly every branch of pure dicnlar incidence, to 360° at an incidence of 90°; and 
and appUed mathematics, published in the Journal that the laws of reflection at transparent surfaces, as 
de I'Meole PolyUchnique, and the Memoirs of the In- also in the case of metals, depend npon two con- 
stitute, he has published, in a separate form, Extr- atants — the indw of refraction and the eoefieietit of 
eitea dti Matlnmatiqvet in two series of volumes ; elliptieity. And be has determined in numerous 
and for many years scarcely a weekly meeting of the cases the values of these constants. 

Academy of Sciences occurred without a raatliema- Thus Fresnel's theory of reflection requires un- (Ses.) 
tical memoir of this prolific author being laid on the doubled modification. It only holds true for sub- ^^*°" ■ 
table, and subsequently printed in the Comptea Jien- stances whose index of refraction is nearly 1-46, that jig^^ 1,^ 
due. The integral calculus and other parts of ana- of the glass which he examined. The complication Ofmb uid 
lysbformthesubjectsofalargepartof thesewritings; is held to arise from the existence of vibrations ^y *^ 
but the theory of hydrodynamics in the earlier, and of (called normaQ in the direction of transmission of the 
optics in the later part of his career, are largely re- luminiferous wave, such as those which produce the 
presented. So difiuse and desultory a mode of publi- effects of Sonnd in air, and which produce certain 
cation has been little favourable to those who wish to effects on Light at the bounding surfaces of two 
make themselves acquainted with what has been ac- media. In the theory of Fresnel, as also in those of 
complished by M. Cauchy. The scientific world is in- Maccullagh and Neumann, this influence is neglected, 
debted to AbbG Moigno' in France, M. Badicke'in To Green and to M. Cauchy belongs the merit of lay- 
Germany, and Professor Powell* in England, for ana- ing down a more comprehensive theory. Mr Green's 
lyzing in part his optical labours. As the present theory, publishedin 1837'(nat long beforehisdeath), 
brief notice is evidently inadequate to tnclnde even is so farincomplete that it involves only one constant, 
the most superficial view of the whole, I shall say a M-Cancby'sinvestigationSipublishedtwoyearslater,' 
few words upon two of bis theoretical researches on embrace the phenomena of metallic reflection by the 
light, which have attracted most general attention, introduction of the two constants mentioned above, 
The first is upon the theory of Beflection and Be- thus completing the theory of .reflection and refrac- 
fraction, framed so as to include the phenomena of don both for transparent and metallic surfaces, 
metallic reflection ; the second is upon the Dispersion The fact of the unequal refrangibility (dispersion) ^^^^-^ . 
of Light. of light has ever been felt to be one of the moat ^^^^,^ 
(557.) I shall first mention some seemingly exceptional real as well as prominent difficulties in admitting 

' CamMdg* IVantaetftnt, vol. Ix. 
■ BamdbiuA dtr Optik. Band i., 1839. 
* S«e Holgno Btp. d'Optijvt, p. 13BG. 
flrMo'i * OambHdft Traniactiotii, vol. Tli. The following aitnct from tbii tlile pupar ahowi tha Indepandence of phyaical anomp- 

r"^* - tloniwhlcb ctakracUriiM th«SB oltrk-nuthematicalopticftl thwrin; — ". . . W« an M parfeeUy Ignorant of the mode of action 
hto m MKnJ "^ thaelainenti of the luminifennu ether on aub other, that it would eeem ■ aafe method to take nise geoetal ph;iical{rl 
■neuno. p^Q,jp|, „ ^,, ],,^ gf ^^^ reaionlng. . . . The principle lelected aa the haiii of the reuooing contained in the follow- 
ing paper li thii ; In whatever way the element* of any matarial lyitam act upon each other, if all the Internal forcea exerted 
be multiplied by the elamanta of their reepeetif e Urectlonii, the total ■am for any auigtied portion of the man will alwayg ba 
the exact differential of tome function. Bat this fan ction being known, we can immediately apply the general method given in 
the Mita*i^Ht Analyligm, and which appeara to ba more npecially applicable to problems that relate to tbe motioni of tyslems 
of an inmenae nomber of parUdea mutually acting on each otber. One of the advantagai of thia method, of great importance, 
ii, that we are neeenarlly led by the mere proceu of the cslculallon, and, with little care on our part, to all the aqnaUona and 
condition! which are r<quiiiu and lufieittit for the complete wlation of any problem to which it may be applied." 

A ooniideratlon of the candid admiMioni of tba preceding paragraphi(aipeclaUy the laat aentenee) will lead the lesder to la* 
bow abort a way a theory of lo general a kind — the chief duuiwtariatic of which eoniiati in eluding every troDblaaome phyaloal 
enqidrj— can go toward* aiplainiog the lelatloni of Light to Hatter; yet it may ba of oai by indlcsUng the kind of aolutiaaB 
which laon rutrlcted hypolhatii may be eipactad to give of th* lawi of phenoBana. 



^ Cvuft— Stmdm* dt VAtad. d*i Seltnta. 
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the nndnltitory theoiy. That theor;, in its simple scarcely leseao.' The iodicea of refraction, oWrred 
form, enables us indeed to explain dearly enough by Fraunhofer, for different lines of the spectrum, in 
the refraction df light owing to a change of Telocity difierent kinds of glass, together with the correspond- 
in the wate as it passes firom one medium to an- ing wave-lengths for these rays, formed the principal 
other; bat it assigns no reason why that change of data for comparison. But others have since been 
Velocity should be difierent for light of Tarious co- obtained by Rudberg and Piofesaor Powell, and care- 
lonn, in othbr words, of dilfer^t wave-lengths. The fully compared with M. Csnchy's theory by the lat- 
mrpnacnliir theory, on the other hand, furnishes at ter, and the coincidence appears satisfactory.' But 
least a plausible explanation, by assuming a variable in estimating the value of this coincid^ce, it is to 
attraction between refracting media and the mole- be observed that of 7 indices of refraction observed 
enles composing the difierent rays. for each substance, 3 must be used to ascertain the 
f^-) When, however, undulationists were pressed on constants in the formula, and only 4 remain to be 
^^^ j^ the subject, it was easy to see the direction in which calculated. 

nita dl>- B^ Icut a plausible explanation might be sought. In One difficulty, however, remains. If the rays of (fiSl.) 
tuicMof the usual form of equation for vibrations in air, lighttravel through space withvariablevelocities.the'^''"!*'''", 
P" 'I™*' given by Lagrange, the integration is efiected by as- images of the stars would present toils of colour in- fight in 
y^^l/ Burning the intervals between the particles evanescent consistent with observation. M. Cauchy eludes this tne space, 
compared with the length of a wave. This is per- difficulty by the following hypothesis respecting ethe- 
fectly true in the case of sonnd, and all sounds ap- real media : — The existence of transversal vibrations 
pear in consequence to travel nniformly. But should (according to him) requires that the law of force he- 
it ftiil in the cose of light, that is, should the inter- tween particle and particle of ether must not be inter- 
vals of the ethereal particles bear some sensible ratio mediate between the inverse 2d and inverse 4th power 
to that very small quantity, the length of a wave, of thor distance. In the former cose the force is an 
what would be the result ? M. Cauchy has made attractive, in the second a repulsive one. In the first, 
out, by a very complex analysis, that in this case the the velocity of propagation depends on the length of 
longer waves will travel most rapidly, and conse- a wave, in the second it is independent of it. [The 
qnently be least refracted. Several other writers, Grst case, too, alone will be consistent with perma- 
eapedally Professor Relland, obtained similar re- nent longitudituU vibrations.] Consequently if we 
suits; and Mr Airy, by very simple, though only suppose that in free space the particles of ether are 
approximate, considerations, showed the dependence arranged in close order, and exert a reptilsive force 
of refraction on the length of a wave.* M. Cauchy 's on each other, no dispersion results; but in refracts 
memoir appeared in 18S6 at Prague, in a bulky and ing media, supposing the distance of the molecules 
abstruse form : the mathematical inveetigatiouB are increased, and the mutual action attractive, then dis- 
very long and complex, the numerical verificationB persion occurs,* 

% 7. Hitter. — Chemical Rays of the Spectrum. — NiEPCE ; Daquerre ; Mr Talbot. Art of Helio- 
graphy or Photography — Bagverreoiype — Calotype. — Frofeseor Stokes. Chemical Sayt rcn- 
dered vieible — Fluorescence. 

(S69.) A very curious chapter of the history of Light re- limit of their sensible action they may, by certain 

2J™™ mains to be written, respecting the chemical ener- treatment, be made visible to the eye. The art of 

light. gies which itiscapableofexerting, or which at least are photography, though belonging quite as much tocbe- 

fouttdinthosepartsofthesolarrayswhicharedispersed mistryas opdcs, being a means of inquiry into the 

by a prism. These are in part luminous and partly qualities of the solar radiations invaluable to the 

invisible under ordinary circumstances, the latter pos- natnral philosopher, cannot by anymeans be excluded 

sessing thesecbemicalqualitiesinastillbigherdegTee from a sketch, however general, of the jffogtess of 

Htsa the others. Though not perhaps very closely physical science. 

associated with the optical discussions of the previous J. W. Rittkb, Professor of Chemistry at Jena, (BBS.) 
sections, it seems impossible to separate this port of and well-known for his numerous contributions Ritt«r. 
the subject from the rest, since the rays called Che- to the earlier progress of voltaic electricity, has 
mical may, as we have reason to think, be reflected, the merit of having first clearly pointed out in 1801 
refracted, polarized, absorbed, and made to interfere the separate existence of chemical rays in the spec- 
like visible light; and farther, because to the extreme trum which ext«id beyond the most refrangible or 

> Is all tbtit cues the eiprcMlon Tor nhuigiliiltty depends on th« ratio of the sine of an arc to the arc itself; wbtch are 
■gain Includei the ratio of &i, th« iltltanca of the moleculsa to X, the length of a wave. When Ax becomea Tery imall, the Brat 
ntio becomH unit?. 

■ A portion of these reiearchei had, however, been printed in rarli (priTately, I believe) in 1830. 

* Powell on the Undnlatory Theory. 1811. * Moigno, Stpirtotr* d'Optijv*, p. 128. 
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violet rajB (when the sun's light is decomposed bj a the emerald tnusmits the same nys. Red glass 

prism), in the same manner as the invisible rays of stops most of the chemical rays, whilst the garnet 

heat were found by Sir Wm. Herschel to extend be< transmits them. Though white glass has generally 

yond the visible red. Scheele had indeed previously been considered very transparent for these rays, Mr 

noticed that the power of the sun's light to decom- Stokes has shown that it entirely stops those of the 

pose And blacken salts of silver increased rapidly veiy highwt refrangibility, which are readily trans- 

from the red towards the violet ray ; and there is little mitted by quartz. Sir John Henchel and Mr Hunt 

donbt that Herschel's discovery suggested that of havemademanyinterestingexperimentswithcoloured 

Bitter, of the independent or non-luminous rays of media on the particular parts of the chemical spec- 

tbe spectrum. trum absorbed, but a great deal remaina to be done, 

(364.) Ritter attributed to these rays a deoxidieing qua- especially as regards the nature of the substances 

nyi°of (ha '''7' ^^ WoIIaston, who also made experiments on employed. 

•paetrum. the Bubjcot, and discovered the specific action of the But the great impulse given to this subject was —Z**^'' . 

different rays on gum-guiacum, prudently 8U^;ested derived from the invention or discovery of the beau- pi„J^^ 

the more comprehensive term of ekemieal rays, Va- tiful art of Photoghaphi. pbj, 

rioos other denominations hare been proposed, which In 1802 Mr Thomas Wedgewoodand Sir Hum- (SS8.) 

need not be here dwelt upon ; all that can be said is, phrey Davy succeeded in forming pictures of objects ^^jjj^ 

that deoxidation does not represent the solar action laid on paper prepared with nitrate of silver, and in Otrj. 

completely. Whethw it be really an independent taking profiles (m^AouoK**) by means of shadows, 

prindple in the sun's rays which causes these effects. They proposed to obtain similar effects by means of 

or merely light and its modifications, is, as in the the camera obscnra, but their paper was not suffi- 

Gorresponding case of heat, yet undecided. But it ciently sensitive. The cfiectual bar to their proceed- 

is remarkable that, as shown by M. £. Becquerel, ings was, however, this : that they could discover no 

the discontinuity of the luminous spefctrum produc- means of ^ing the shadows which they had ob- 

ing " Fraunhofer's Lines" exists equally for die che- tained, or preventing the whole surface of the paper 

mical rays. from being gradually blackened by exposure to light. 
(8BB.) Soon after Bitter's first experiments, Dr Young In 1814 J. Kicbfhobb Nibpce, a retired proprie- (669.) 

"^J 'I" proved the Interference of the obscure chemical tor at Chalons sur Saone,* entered into a similar en- ^}^'*" 

^„j^' ^,rays (PAtI, Tran*,, 1803), a conclusion successively quiry, but by methods quite difierent. He employed ^^ 

pelarUed. claimed since by difierent physicists. Berard in 1612 the solar efiect upon resinous bodies, and some 

showed that these rays are polarized by reflection, at least of his pictures were executed on plates of 

Seebeck observed that the different rays impressed pewter or of rolled silver. They were mosUy copies 

different colours upon salts of silver : and M. Edmond of engravings, and the light parts corresponded to the 

Becquerel long afterwards showed that the red and lights of the originals. He, however, at length suc- 

yellow rays, though incapable of commencing chemical ceeded in fixing impressions of views in the camera 

action, in some instances have the power of eonttnu- obscaia, thonghin an imperfect manner, and alter very 

ing it when once excited by the more refrangible long exposure. The pictures thus obtained had this 

rays. in common with more perfect processes, that the lu- 

(tiSB.) In 1835 Mrs Somerville made some interesting minons impression was first brought into view by 

Hn B». ^ experiments on the permeability of different bodies a chemical process »ubt«qutnt to exposure in the 

«p«ri-" *" the chemical rays, similar to those of Melloni on camera. In 1826 Nicephore Niepcebecameassociated 

menu. the heating rays (see chap. VI,, g 8), and she fonnd with Dagnerre, who had previously been engaged in D*«»«n* 

great and seemingly capricious variations in this re- the same research ; they agreed to communicate the 

spect.' The account of them was addressed to Ar^o, results of their several experiments. .The result, as 

and published in the proceedings of the French Aca- is well known, was the invention of the Daqusrreo- 

demy. She found that green glass, coloured by cop- typb, not improperly called after Dagnerre, who 

per.interceptedentirely the chemical rays, yet this was seems really to have worked it out almost entirely 

not due so much to its colottr as to its other qualities for himself, after the death of Niepce in 1833 ; 

(which are also peculiar as regards radiant heat), for whilst so patient and determined was Daguerre in 

Hn Mu7 ^ TbemlddaD luraa of thtiaccompllilied lady wu Mary Bamerville; the wu born, I balivTfl.Bl; Jedbargh, uid murisd firft Mr 
Samerrilla Gntg, ■tterwardB her relfttiva Dr HomarrlUe. She ii known in Britiah icianca not only at tba ablacommentntorof liapIua'aJUito- 
~-niagDe- lugiw CUcua, but at Iha anthor of aanie iDganioiu and apparentlj convincing expcrimenta on the magnaUilng power of tha fiobl 
tie aetLon ray. Some uiomalj, lunraver, nmaiQi to bs upiaiDed on tbii subject, ai the mult cannot aiwayi be obtuned. Several ynart 
of Ught[)]. before Dr Faraday made fall diaeovary of what he termt the " magnetiiation of light" (aee chapter vii., g 6), tha wrlCar of 
tfaeaa pagee inppoaed that the reaction of light and magnetiam, obaerved by Morlcblnl and Mra Homervilla, might be due to a Ik- 
tent and eainal polariiatlan of tha light which wai not preaentlQatl the experiment! ; and, in parcicolar, fa< auipecled that circu- 
larly polariiad light might have a magnetic influence ; but hla experimenta to thli effect, in May 1336, were not lucceasfnl, 
thangh ha thinki tbem worth repeating. 

■Probably one of the MH. Niepce Kbo, in tlie early part of the century, areaald to have propelled a boat on tlie Sadnabjk 
pa c nl l a r Itlnd of air.eDgine, called .pyrwbpWa. Daiambre, Jlapport HHlcrigut, 1910, p. S48. 
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Iceepuij; his secret nntil brought to perfection, that tare being darkened on the paper, and vice verta ; 

he did not even show hia results until early in 1839, bat the truth was restored by pressing the diaving 

when the numerons specimens he had to exhibit ri- thus obtained against a second prepared sheet of 

vailed in delicacy anything that the art has since paper, and exposing it to light, when the natural 

produced.' lights and shades were of course obtained. This 

(GTO.) The daguerreotype is depicted in the camera on a derived impression iscalledajKijtttvs. This process 

™^|j^ plate of silver, coated with an eraueacent film of has evidently several advantages over Daguerre's ;— 

5]^, iodide, by exposure for a abort time to the vapour of such as, that paper is used instead of metal plates ; 

iodine. After the light has acted, and the plate has and that from a single impression (negative from 

been withdrawn from the camera, no trace of a pic- nature) copies may be at leisure indeGuitely multi- 

ture is visible until it has been exposed to the vapour plied. Pictures were thus obtained by Mr Talbot 

of mercury, which, by its peculiar action on the places with the camera obscura. 

where light has acted, produces a correct picture of Mr Talbot's chief improvement on his first me- (672.) 

the object (or potitive image, as it is called, light an- thod he called the Caiotype (1841), and consisted in Prog""' 

swering to light). It is thanked, as it is called, by a washing the paper successively with nitrate of silver, 

bath of dissolved hypo-sulphite of soda, which has iodide of potassium,' and gallo-nitrato of silver. It 

thepropertyof removing the iodide of silver wherever ia then exposed in the camera, but no impraiiott 

the light has not acted. This singular and elaborate appettra until again washed with the golto-nitrttte of 

process has since been but slightly modified by vari- silver. It ia then fixed with bromide of potassium, or 

ous plans for rendering the iodide more exquisitely with hypo-sulphite of soda, as in Dagnerre'a process, 
sensitive. To M. Niepce belongs the credit (1) of By a subsequent invention, Mr Talbot has obtained (1173.) 

having fixed an impressioa of light, (2) of using what he justly calls an ingtantaneovt proeeu.* An Iirtuit*- 

metal plat«s, (3) of forming a picture by meana of a image was formed in a camera of a revolving wheel, °^^ P"" 

camera obscura ; to Daguerre, on the other hand, to which was afiixed a printed bill ; the room being 

the novel and ingenious use of vapours instead of darkened, and the wheel made to revolve with the 

washes, and the whole successioD of operations in speed of 200 revolutions tn a tteottd, and being then 

the daguerreotype. When the French government illuminated by an electric spark, a legible impression 

acquired for the public (the French public, however, of the printing was obtained. We doubt if, in the 

only) a right rf property in the invention, they whole history of physics, a more astonishing result 

marked their sense of the share of merit of the in- is recorded. Thns Mr Fox Talbot, by his rare energy, 

Ycntors, by awarding to Daguerre 6U00, to M. I. brought his inventions almost to perfection. Nume- 

Niepce 4000 fnmcs per annum. rouscompetitors, of course, appeared on the field, and 

(BTL) Mr W. H. Foi Talbot, a Wiltshire gentleman obtained many interestdng results. The only one of 

Kr Fox of great ingenuity and perseverance, and well ac- much importance to the art of photography is the 

quaiated with mathematics and physics, applied him- substitution of a film of iodized collodion on a glass 

■elf in 1834 to the problem of fixing shadows, in plate, for the prepared paper in the first or nepcUive 

entire ignorance of what Wedgewood and Davy had process. 

attempted. Ho used paper washed with the nitrate The daguerreotype and caiotype processes, though (671.) 

of silver, and soon succeeded in obtaining impressions seemingly so different, have much in common : — (1) ^."^"^T 

of lace and leaves of plants, but without Ji^ng the a aenaitive surface has to be prepared (iodide of silver p^i^^jj^^^^ 

shadows. This great st«p he, however, made a is the basis in both) ; (2) it is exposed in the camera ; 

year or two later : a wash of iodide of potassium, (3) the picture (atill inviaible) is developed; (4) it is 

or of common brine, was found to effect it. The fixed. In the caiotype the printing process for ob- 

announcement of hia aucceas and of his methods taining pointivtt must be added to these, 
was called forth early in 1839" by the first reports of The chemical theory is very far behind the art of (578.) 

Dagnerre's discovery. Hia method then conaisted in photography. The most important steps of these ^•'''"' 

dipping writing paper alternately in nitrate of silver curioua and complicated processes have been at- ^^ 

and common salt, drying between the operations, tained by a kind of divination after a multitude of 

and afterwards fixing the image. An unnatural or failures. The salts of ailver are of a highly de- 

ntgosivt picture was thus obtained, the lights of na- composable nature, the iodides and bromides pecu- 

* The pnMn-t writer bod the b«DS<lt of ueiQg Dignerre'i murrellaai prodaelioni, and miking htl uqatlnt&nei at P«i*, 
Uiroiigh tbe eoarCei; of H. Arigo, wbils the tscret wu itill preaerved, and tbe public Intoreat wu excited to the highest pitch. 
About the Mme time he ww H. laidore NUpcs, son of the fint photographer, and the ipecimeai in his hands, aa irelt ai thow In 
tbe poesenioQ of Hr Bauer of Kaw, with whom thsj had been left b; M. Nicapbora Niepce, when he viailed England In 18ST 
and exhibited them at the Royal Society. 0ns of the latter wai m^okij on a plate ruembling pewter. 

' Coram UDicated to tbe Ro^al Societj of London, Slit Jannary, and printed in the PhUotopiiaii MagaHHi for March. 

* Mr Talbot aaya (Piii. ifoj., March 1839, p. 203) that Bir H. DaTj had recommsndsd iodide of ailver ■'■ ^ 

bat in hia earlier eiperinieDta be bad found it the contrary. Bat now, like Daguerre, he requires no 
of light, bnt dtv^optt It bj a auhaequant reaction, 

* Th* prooeaa is dewsribed in Ouit't RtHortlut on Iilglu, Sd edit., p. 140. 
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liarly ao. Theactionof ligHtsppean tobe torMfue« to fonn a pure xnd highly dispersed Bpectrnm by Floon*- 
the metallic Bilver, at least partially, an operation passing throagh two or three prisma in succession,'*''''' 
which is completed in the daguerreotype process ap- associated with a lens. The spectrum is made to 
parently by the affinity of the mercurial vapour for fall on a glass ressel containing a solution of sul- 
iodine and for oxygen.' phate of qninioe (a colourless fluid). Whilst the red, 
(ST6.) If anything were wanting to show the impossibility orange, and indeed the greater part of the luminous 
ImporUDocof sepamdng the scientific arts from the history of spectrum, pass through as if the fluid had been merely 
of tb« P^O'g^ence itself, it would be the case before us. The water, from about the middle of the violet ■' the 
ut Art of photography is far in advance of the theory, path of the rays is marked within the fluid bj a sky- 
yet it constitutes in itaelf the greater part of what bine light, which emanates in all directions from the 
we know in a highly interesting branch of Natural fluid, as if it (the medium) had been self-luminous." 
Philosophy — the chemical agency of the spectrum. This appearance extends far beyond the visible violet. 
The surfaces of Talbot and Daguerre are ^e philo- the presence of the invisible rays (called chemical) 
sophical tools by which farther discoveries cao alone becoming disclosed by the reaction of the quinine ; 
be made. and the dark bands, both of the visible and the. 
(C77.) So intimately connected with the discovery of the (usaaliy) invisible spectrum, are marked by obtevre 
Chemical Chemical Hays of the spectrum, is that of revealing pktne$ b^veraing the mass of difiuse Ught. When 
dendvi* ^^ existence (at least the existence of rays of the the light thus emanating from the interior of the 
tibia, spectrum equally refrangible with those possessing quinine is examined by a prism, it is found to con- 
cbemicalpropertic8)to the sense of sight, that we may sist of rays of various colonrs and refrangibilities 
conveniently include in this section a very brief no- corresponding to those of the ordijiary spectrum ; 
Hce of Professor Stakes' remarkable ezpoimcnts. &om which Mr Stokes condudes that, since ooly vio- 
(S78.) Mr GsoBOE 6ABKiSLSTOXSS,BfelIow of Pembroke letraysandttieinvisible rays beyond them could have 
^^^""^ College, Cambridge, and senior wrangler in 1841, fiimished or exdted this emanation, the rays of light 
at present holds the distinguished position of Lnca- themselves have been transformed into othen, with a 
sian Professor of Mathema^cs. It is almost need- lower decree of re&augibility, and possessing the cor- 
less, therefore, to state that his mathematical talents responding optical properties. In conformity with 
are generally acknowledged, aod that he has dis- this explanation. Professor Stokes has considered and 
played them by a ready application to many difficult accounted for a number of curious phenomena do- 
problems in optics and mechanics which had not pre- scribed by Sir David Brewster and by Sir J(^ Her- 
vionsly been accomplished. I may refer, however, to schel ; called by the former " internal dispersion," 
the integration of complex difTerential equations oc- by the latter " epipolic dispersion," oil of which, so 
curring in the theory of tho flexure of solids (see art. far as they involve anything peculiar, may be reduced 
364), and in that of the runbow (1&6), and in his to the general principle that certain bodies by their 
elaborate investigation of certain cases of the ftictiou action on light have the pow^ of Uivieria/tg the refran- 
of fluids (416). Put it is more to our present pur- pibility of the rays incident upon them, whether be- 
pose to observe that be combines this profound and longing to the visible or invisible spectrum — that is, 
technical command of analysis with singular skill in of emitting rays of a lower, while uader the exdto- 
the experimental department of optics ; — not mra^ly ment of rays of a higher refrangibility. Hence 
in investigations closely connected with the wave the phenomenon has been termed the " degradation" 
theory, and expressible by mathematical formulffi,' of light. Mr Stokes has also called it "/btoret- 
but in those which depend cm the judiciouB question- eent»," a word involving no hypothesis, being derived 
ing of nature by critical experiments not necessarily from the characteristic action of a certain kind of 
quantitative; — such, in short, as Newton discoeses fluor-spar described by Sir David Brewster, 
in his Optica ; and indeed since Newton himself occu- Many substances, solid and flmd, are found io pes- (680.) 
pied the Lucasian chair, there have been perhaps sess these qualities.' Amongst others, and in the ^nb«to e«« 
few philosophers who have shown so remarkable an highest degree, glass coloured yellow by oxide of^'^JJ^* 
aptitude for both kinds of research. uranium, called in commerce vanary ^lou, and sola- ptrtj. 
(579.) In 1862 Professor Stokes announced that the re- tions of horge>che8tnut bark. 
Bhowi thkt frangibility of light, which has hitherto been consi- By using sources of light richer than sunlight in (881.) 
^blUtyrf" ^^^ '** ™°** inherent and mvariable quality, may the highly refrangible rays ; by also using quartz for^'°J^J^ 
llgbt may i" some circumstances be altered. The fundamental the prisms instead of glass (which has the power ment^^* 
baohuged. experiment is this: — Abeam of solar light is caused of absorbing these to a considerable extent)--Pro- elMtaio 

light. 

1 I may refer to a abort bat clear paper on the tkeory and praetiea of phatographj by tba Rot. W.T. Kiogilej, Id the JranKif 
cftiu Plato^apkii &>cwCy, toI. i., Aogiut 18fi3. Hr Eingiley u one of tba moat icieiitlfic and practical improvera of the art. 
- * Thii he baa alao done Id a beanUful paper on tba effect of polariUitioD io modil^iDg the pbenomana of diSractloii. Camb. 
Tram., vol. U. 

* The greater part of theae had been detected by Sir D. Brewiter, with fail oinal acntanaia and paraeTerBDce, ia tbe coona at 
bU reiearcbea on " internal ditpenlon." Tlie celMuing matter of green 1«»vm U one of the moat remariiable. 
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feuoT Stoles hat obtained a reaslttmt; astonishii^. naming Mr Wlieatstone's beaatiful invention of the 

In the case of the light derived &om a roltaic arc, Steftoioope, as b; far the most interesting coutriba- 

produoad by th« battei; of the Royal In«titation tion reoently made to the thsory of vision, regarded 

with metalhc poles, the visible ipectrum formed upon in a point of view not atrictlj anatomical. Although 

tmninm-glaaa extwded no less than me or sight timet Mr Wheatstone'a paper was published iu the Philo- 

■ the length of the oidinary ipectrum. If, by way of $aphieal Trcuuaetioru for 1838, and the Stereoscope 

contrast, a porcelain tablet be used as a screen, the became at that time knowa to men of science, it by 

spectrum tevminatee at the ninal poiat.' no means attracted, for a good many years, the at- 
tention which it deserves. It la only since it received 

r— a convenient alteratioa of form (due, I believe, to Sir 

David Brewster), by the substitution of lenses for 

(esi.) [I have alieady (art 471) expressed my regret mirrors, that it has become the popular instroment 

Hr Whwt- fjmt Dig lijoHa of thu Essay prevent me tcom devot- which we now see it, but it is not more suggestive 

^^^*£J^ iug ft section to the physiological part of Optica ; thui it always was of the wonderful adaptations of 

Burao- bat I cwuwt cloM Hie ohapter withoat at least Aa sense of sight.] 



CHAPTER VI. 

HBAT, INCLUDING SOME TOPICS OP CHEMICAL PHILOSOPHY. 

S !• ^LkC^—LtUft^ am4 Spedfio jETtfo^— ^Irvine. — Hnitton. — Do^trivM </fHeat appUed to aome 
Natural Phmomtma. 

- ^^^^ Down to the dow of the I6th century, the science elsewhere notioed the barrenneas of the greatar part 

dand In ^ Heat wu studied aqd advanced mainly by ohe- of the 18th eentury m coDtributiona to the ezperi- 

thg 18th mists, and it was in all lespeota treated as a branch mental sciences ; the temptation is therefore the 

^"^'7 *■ of Chemistry ; a position of which we still find traces greater to dwell a little even on the personal history 

of -hmmit ^ ^'^ introduction of the doctrines of heat (even of of men so celebrated and influential as Black, Cavea- 

tij. radiant heat) into most of o«r approved treatises on dish, and Dalton. 

Chnnistry. This dreumatanoe brings us, in this Joaarn Black was bom at or near Bordeaux in (osa.) 

chapter, into close contact with the moat illustriona France, in 1728. His biography, little eventful and g„[„,^" 

chemical naaea of Uie seoond half of the last eentury almost exclusively academic, has been recorded in u ■ cbe- 

and of the first years of the present. Such were some detail by hia oompanious and &iends Adam mlit. 

Black, Cavendish, Lavtuaier, and Dalton. Of tlte last Ferguson and John Robiaon (the former of whom 

and two first it m«y be doubted whether they were not was a relation), in the preface to the posthumous 

as prominent discoverers in Physics as in Chemistry, pablieation of his Lectures on Chemistry. It ia auffi- 

Davy oecupies a similar position. It was not, us- cient for me to state t^at he entered the University 

deed, until the 19th century had made some pro- of Glasgow as a student in 1746. Being destined 

gresa that Chemietry assumied a strongly distinctive for the medical profession, he removed ia 1750 or 

position of its own, and began to attain that large 1761 to Edinburgh, where he benefited especially 

development and complex character of detail which by the lectures of CuUen, a mo&t eminent phyaician, 

render it a science now hardly accessible to those and the author of a beautiful experiment on tiia cold 

who do not devote to it their almost undivided at- produced during evaporation. Before Black gradu- 

tention. In the days of Black and Cavemdish it was Bted(in 17&4) he had entered upon a course of chemi- 

otherwise; and in the first section of tha present oalexperimenteconnected with the causticity of many 

chspter I shall attospt to give an outline of the earthy bodies, whii^ ended in his flrat (and perhaps 

characters of the very remarkable men who the* most famous) discovery of the existence of jSxmj air or 

advanced simultmieously the doctrines of Physics carbonic at^dgaeaa an essential constituent of marble 

and Chemis^ ; leferring, of eourss, t^iefly to the and other solids, together with a train of important 

former, but not «itirely to the exclusiou of the lat- consequences. Fewinangural dissertations have been 

ter portion of their researches, particularly with sointere8tiBgtoH<uenoeBsthatonMBgneaia,printedat 

raapect to the abmiic uid gaseous theories oi Dal- Ediaburghinl764, which contMnedtheseresulte. But 

ton, which have a strongly physical aspect. I have on this purely chemical question we will not enlarge. 



1 Ob Mr Stokei'i uperimrata, sm FkO. fhxw., lMa-S3 ; ud ProuMdlogs of (ba Bcjsl luUtBUao. 
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(5M.) The diuoreries of Black with wliich we are chiefly 
TcrlMof •'"nceraed are those of latent and specific heat. 
Utant aod The former, at least, IB Black's sole and exclusive 
•p«Wo property. When we look back to the state of the 
'• science of heat in the first half of the 18th century, 

we are surprised at the exceeding slowness of its pro- 
gress. The thermometer had heen improved hy the 
use of the freezing and boiling temperatures of water 
for its fixed points, and the adoption of mercury in 
ita construction by Fahrenheit ; the correspondence 
of its scale with true increments of heat had been 
tested, though imperfectly, by Brooke Taylor ; and 
Dr Martine of St Andrews had published an ingen- 
ious work (the best of its period) on the expansion of 
different liquids, and on some kindred subjects; but in 
general no great step was made until Black, in 1757> 
or previoDsIy,' conduded that during the melting of 
snow or ice, a great quantity of heat enters into the 
body without affecting the thermometer in an appre- 
ciable degree. The heat therefore spends itself or is 
absorbed in effecting liquefaction. Black called it 
Latent lattnt (as opposed to tentible) heat. He was led to 
J^^*^ this discovery by the very simple observation of the 
metclDg extreme slowness with which ice is melted by the 
ice. application of an amount of heat which would have 

raised the temperature of water to an enormous ex- 
tent ; the thermometer plunged in the thawing ice 
remaining stationary until it is entirely reduced to 
water. When that occurs, heating immediately com- 
mences according to the usual laws. One of Black's 
original experiments clearly illustrates his mode of 
procedure. He suspended equal weights of ice at 
32°, and of water as near as might he at the same 
temperature, in two thin glass vessels 18 inches 
apart, in a spacious room having a temperature of 
47°. The vessel containing water rose 7" in tem- 
perature in half an hour, hut the equal weight of ice 
had not wholly melted, nor had its temperature even 
slightly increased until 21 half hours had elapsed. 
Whence filack concluded (approximately) that as 
much heat is requisite merely to thaw ice as would 
nuse an equal weight of water through 7 x 21 or 
ItiMMimt, 147°; a result almost conrect, although the experi- 
ment in this form is manifestly not une;cceptionable. 
The converse process of freezing shows how prolonged 
must be the application of cold to discharge water at 
32° of its latent heat, or heat of liquefaction, and to 
convert it into ice. 
(885.) Nothing is more admirable in these results than 

qiuncM. *^^ I'S'*' '*'^y throw upon certain natural processes. 
Were instant liquefaction the result of the smallest 
application of heat to snow at 32°, we should many 
times a year he the victims of uncontrollable floods ; 
and did water instantly become ice on its tempera- 
ture reaching the freezing point, onr lakes and rivers 
would he rapidly consolidated t« the very bottom on 



occasion of every frost, and animal life would be im- 
passible. 

The analogy of the gradual formation of steam in (6e«.) 
boiling, to the gradual lique&ction of ice, was sol^tant 
evident as to lead Black to conclude, without any 
special experiment, that a great deal of heat becomes ^^* 
latent during the conversion of liquids into vapour. 
It appears to have been in 1762 that he attempted 
to determine roughly the amount, hy a method simi- 
lar to that just described for the heat of liquefaction. 
He compared the time required under the action of a 
uniform source of heat to raise the temperature of a 
certain quantity of water from 60° to the boiling 
point, with that required to boil it away ; and in- 
ferring that heat was continually combining with the 
water at the same rate, he estimated the latent heat, 
or heat of vapour, to be as great as would have raised 
the temperature of the water had that been possible 
hy 810°. This was in October 1762;' about two 
years later his pupil, Irvine, made experiments "'^^^ Eixiwrf- 
his direction with a still and refrigeratory, by which ma&t* of 
he estimated the heat given out hy steam during its '"ine ud 
reconversion into water. Mr Watt prosecuted the ^^*- 
same inquiry soon after.^ How happily Mr Watt 
applied the doctrine of latent heat thus brought ex< 
perimentally under his notice, to the improvement 
of the steam-engine, has been already recorded. 

One thing strikes us very much on a review of rggj -. 
these discoveries of Black ; it is the great interval Theme bx 
which separates the clear perception of a fact from tlDgolerly 
the explanation of it : or, in other words, from the ?)[?"„ ' 
clear expression of the more general fact which em- BUek. 
braces it, although when once given, the explanation 
may seem to be almost expressed in the very enun- 
ciation of the fact. Nearly a century before Black, 
the lynx-eyed Hooke had noticed that water during 
the process of congelation remained unaltered in tem- 
perature, and that the same takes place vhen it boils, 
and this observation had been numberless times veri- 
fied in ascertaining the fixed points of thermometers ; 
yet no one before Dr Black had even guessed that 
the heat which enters into ice during liquefaction, and 
into water during vaporization, remained as it were 
a constituent of the water and the steam thus formed, 
and could at any time be recovered by a converse 
process. Numberless instances occur in the history 
of science in which it requires the utmost attention 
to appreciate the importance and difEeulty of draw- 
ing such seemingly obvious conclusions. 

The other great discovery of filack. Specific (sss.) 
Heat, was in like manner a correct interpretation of 3[wclfic 
a fact already known, Boerhaave and Fahrenheit'"'^ 
had found that when quicksilver and water were 
mixed together, their temperatures being different, the 
heat of the mixture was not, as might have been ex- 
pected, the average of that of its ingredients, whether 
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the Tolumes or the weights of those ingredieDti were than the avenge due to its ingredients. He has, there- 
equal. " Quicksilver, whether it were applied hot fore, got the ratio of the whole heat in the bodies 
to cold water or cold to hot water, never produced hefore mixture and after mixture. He has also got 
more effect in heating or cooling an equal measure of the number of degrees of temperature corresponding 
th« water than would have been produced by water to this difierence. Having the ratio of these quan- 
equally hot or cold with the qtiicksilver, and only titles, and also their difierence, the quantities them- 
two-tlurda of its bulk." Of course, when equal selves, or the whole amount of heat expressed in de- 
weights were used, the inequality of effect was still grees of temperature before and after mixture, become 
more striking, for, from the great density of quick- known, and the temperature of absolute privation of 
silver, it required no less than 30 times the weight of heat is also known. He applied the same reasoning, 
the water mixed with it in order that it should con- with great ingenuity, to explain the latent heat of 1i- 
tribute in an equal d^ree to the production of a quidsandvapours,whichheascribedtotheiriacreasii^ 
mean temperature. Strange to say, the interpreta- capacities. He thence deduced other values for the 
don of this important experiment remained to be absolute zero ; but whereas all these determinationB 
made by Dr Black after half a centnry. He taught ought to have agreed, at least approximately, they 
that temperature is an effect of heat, which is neither were found by later experimenters, especially by La- 
the same in all bodies nor in the same body under voisier and Dalton, to difier so widely — even by se- 
difiering circumstances ; that the superior effect of veral thousand degrees — that, since the time of the 
the water to the mercury in determining the tempe- latter, this ingenious theory has been nearly aban- 
rature of the mixture was caused by the fact, that it doned, at least as far as the search after the zero is 
is the nature of quicksilver to require a smaller concerned ; although undoubtedly change in the spfr- 
amount of heat to raise its temperature through cifie heat of bodies is often an important element in 
one degree than an equal volume or weight of determining their temperature. 

water would require under like conditions. Black To retnm to Di Black. From 1766 to 1766 he (690.) 

made many experiments to satisfy himself of the filled the ch^ of Chemistry and Medicine at Glas- f^^ " * 

constancy of this property in bodies ; and with the gow, where he also practised as a physician. In Uichsru- 

assistance of Irvine,' probably ascertained its nnm&- 1766 he left Glasgow for Edinburgh, to succeed Dr t«r, 

ricot value (the amount of heat necessary to rabe an Gullen as Professor of Chemistry — a position which 

unit of mass of water through one degree of tempe- he held, with great credit to himself and with benefit 

rature being the standard) in diflerent cases; but he to the University, till his death in 1799. His health, 

left the subject chiefly in the hands of that observer during thegreater part of that time, was feeble, owing 

and of Watt. The former gave the name of eo- to a pulmonary action, which often interrupted hia 

paeitt/ for heat to this property, which was after- lectures, and, it is stated, prevented him from engag- 

wards more happily termed rpeeifia heat by Gadolin, ing in severe studywithout immediate injury. Though 

who made many experiments on the subject, as did he published one or two papers during these thirty 

also Cavendish and Adair Crawford whose theory years, they were of comparatively trifling importance, 

of animal heat, published in 1778, turns entirely on His influence on science was chiefly exerted through 

this property of bodies. the medium of his pupils and of his intercourse with 

(589.) Irvine hod the merit, such as it was, of proposing general society. His lectures are described by those 

jjj^^^ a theory on which his term capacity for heat was who had the good fortune to hear them as inimitable 

upacit; of principally founded, which occasioned for many years of their Und — grave, dignified, and so interesting as 

bodln for after, although now comparatively forgotten, much to rivet the attention. " Perfect el^ance as well as 

^**^ discnssion. He assumed that the changes in the repose was the phrase by whicli every hearer and 

temperature of bodies, whether by alteration of spectator naturally, and as if by common consent, de- 

their mechanical condition or by chemical combina- scribed the whole delivery."* It is probable, also, 

tion, were due to a change in the capacity for heat of that in his private intercourse with his pupils, he in- 

the substance or the mixture. He aJso assumed that spired them with that love of research which distin- 

the total amount of heat contained in a body ia pro- guished his own early days, and his taste for neat and 

portional to the amount of beat necessary to raise its accurate experiment could hardlyfail of being imparted 

temperature through one d^ree (for example, a to a certain extent. Yet we may be permitted to regret 

pound of mercury contains altogether one-thirtieth that his constitutional indolence, almost apathy, had 

part of the entire heat contained in a pound of water), perhaps aa great a share as bad health in the inter- 

From these principles he deduced the temperature of ruption of his career of discovery. Even when quite 

absolute zero or privation of heat as follows : — When a young man, his most interesting conclusions were 

sulpburicacidond water are mixed together, the tem- so gradually evolved, that he himself had diflicnity 

perature rises. This rise, according to him, is caused afterwards in fixing their date ; and some of them 

by the capacity for heat of the mixture being less were delayed even for years, xmtil he found time to 



* Mr J. Leille bu, I think inadvarttDtly, glvan the eradit of th* dbcowry of spectflc but to Dr Irvine. * Lord Brou^iui. 
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make the requisite experimentB. Bo cool a tempera- examination. His fiiend and commentator, FlaTfiur, 

ment wu not likely to grovr warmer aa age advanced, (vhose gtyle was as remarkable for persiHctiitf Be Dr 

Almost as indifibrent to the honours of discovery as Hutton's was the contrary) has drawn the following 

his stoical contemporary GavendiBh, unlike him he lively oontraat between the characters of Huttos and 

enjoyed in a high degree iDterconrse with the oonge- Blat^, which may properly conclude this notice :— 

nial society wliich Edinburgh at that time aSbrded. " Ardour and even enthusiasm in the pursuit of Cmtmt 

He loved to converse infinitely better than to write; science, great rapidity of thought, and much anima- '^^'j*_ 

especially when he could converse intimately with tion distinguished Dr Hutton on all occMiona, ^^^^ 

such men as Adam Smith, David Home, Adam Fer- Great caution in his reasonings, and a coolness of 

goson, Principal Robertson, Dr John Bobison, John head which even approached to indifierence, were 

Home, Gerk of Eldin, and Dr James Hutton, characteristic of Dr Black. On attending to their 

(S91.) HoTTOM was perhaps Black's dearest friend, and conversation, and the way in which they treated any 

~^!ck^ may be mentioned here (episodically) as no ordinary question of science and philosophy, one would say 

iotlmate thinker in Natural Philosophy, as well as in Geology that Dr Black dreaded nothing so much na error, 

fbisnd— and Metaphysics. Besides the " theory of the Earth," and that Dr Hutton dreaded nothing bo much as ig- 

bi* ttaeor; which will ever bear his name, and which, after va- uorance ; that the one was always afraid of going 

nnoor Hods transmutations in name and form, is now by beyond the truth, and the other of not reaching it. 

ftir the most widely prevalent, his theory of Roin The curiosity of the latter was by much the more easily 

was an ingenious and important speculation. Other awakened, and its impulse most powerful and imperi- 

Iffanches of Meteorology also claimed his attention, ous. With the former, it was a desire which he could 

particularly, as might hare been expected, those suspendandlayosleepforatime; withtheotber,itwaa 

which are connected wi& the temperature of the aU appetite that might be satisfied for a moment, but 

earth. He was one of the first who drew ctmclu- was soon to be quickly renewed Each 

sions from the temperature of springs, with regard to had something to give which the other was in want 
change of climate due either to increased latitude or of. Dr Black derived great amusement from the vi- 
to increased height above the sea. His hygrometer, vacity of his friend, the sallies of hia wit, the glow 
in which the dampness of the air wa6 estimated and original turn of his expression ; and that calm- 
by the coolness due to evaporation, was UDquestlon- ness and serenity of mind which, even in a man of 
ably the first suggestion of a method now in general geninSi may border on languor and monotony, re- 
use. His Ideaa on the constitutioa of matter were eeived a pleasing impulse by sympathy with more 
bold and ingenious, though not on all points tenable, powerful emotions."' 

They resembled those of Boscovich, though indo- BlackdiedonthefithDeoember 1799.' His death, (sn.) 

pendent of them. He published a voluminous trea- as recorded by his kinsman, Adam Fergoson,' was Bluk'i 

tise on several subjects in Natural Philosophy, and one of the most touching on record. It succeeded his "•"• 

a still more formidable one on the Principles of customary state of health by an interval inappre- 

Knowledge, neither of which attracted much at- dably short, and, as appeared by the aoeompanyisg 

tention at the time, and have been long forgotten ; circamstances, without thesligbtestphysieal emotion, 

yet it is not nnlikdy that some of bis speculations The philosophic composure of his whole life was mi^ 

in metaphysics might be worth tiie labonr of re- rored in the serenity of its close. 

§ 2. Cavendish.* — Hia Sitiffatar Oharaeier and AttainmenU — Eminent Chemical Discoveries — 
Observatioru on Heat and on other Branehen of Physics — Lavoisier — The Calorimeter — 
Theory of Combustion and of Oxidation. 

Cnvier has justly remarked, in his biography of which beset the progress of genius cramped by poverty 

(S93.) Cavendish, that he had to struggle in his scienliGo and neglect. Cavendish was the descendant of one 

CtTaDdlih. ,;fu.eer against obstacles much more rarely encoun- of England's noblest families, and he was likewise 

tered, and perhaps less easily overcome, tjion those the possessor of enormous wealth ; yet neither of 

' PltjfWIr'* Bl(^>.phlcml Act»DDt of Dr Junw Hutlgn, Wotla, vol. It. 

* Malrhawl'i CmapotuitiKt ofJawuM WaU. Introd., p. vitl. *Pit&et to Bluk'i LieiunM, hj Bobiaon, p. Ixxiv. 

* I £nd an apology iJmoit neceuary for introducing at Nime length the biojnipby of Cavgnduta iiito a chapter profsaadtj on 
Beat, bli poaitlie diicoTeriu cODnected with which ware Ian notabls than in aome other departmsnti. Bat bealdei that hii poid- 
tloB la the fint rank of ohemlata uatnrall? indicatea b!i place to be betireen Black aAd Daltoii, I fait a wUh to bring out Hia 
rtli*fo! the atriking intellMtual cbaracteriitici of these three remarkable men, by placiog them la juxtaposition. 1 may add 
that theee three aectjoni were the earliest writlea of thii Disaertatlaa, at ■ time when I had hoped to iaterweave iato iti oonpo- 
aitloD more of the purelj biographical character of each period of ecientifie hittory tlisn I foand it afterwarda practicable in all 
InitaccM to carry out. I truat, however, that it may be found a not unwelcome variety amidst the abatranr detalla of acinoa. 
In the oaae of Caveadiih, too, ao vaiiona are hia claimi on our notice, that it wai inovilable to recur to them in diffarant idM]^ 
tera, eapedally in thoae on Aatronomy and Electricity. It waa not, Uierefore, really material cinder which head the mora itrictlj 
paraonal detul* were given to wUoh I bava alludad. 
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tbese powerfnl temptationB could withdraw him even his d&y ; and his good o[hiuoii was considered by oon- 
for an honr from tiie course of study which he had temporary philosophers as their highest praise. Sir 
marked out ; and which constitnted for him at once Humphry Davy's opinion of hitn (recovered and 
labour and relaxadou, the end of living, and almost published by Dr Davy from a manuscript lecture) 
life itself. represents that of such of his countrymen as were 
(fiM.) The Honourable Henry Cavendish, son of Lord qnalified to form one, and the writer of it waa 
HU ft- Charles and Lady Anne Cavendish, was bom at Nice, usually &st!dious in his judgments of others :— " It 
J^ October 10, 1731.* He entered St Peter's College, may be said ofMr Cavendish, what can perhaps hardly 
Cambridge, 24th November 1749, where he resided be said of any other person, that whatever be baa 
during the usual terms for above three years, nheu done has been perfect at the moment of its produo- 
he oi^ht naturally to have graduated, which, how- tion. His processes were all of a finished nature, 
ever, he never did. That he bad pursued at least Executed by the hand of a master, they required no 
his mathematical studies with abili^ and success is, correction ; and though many of them were per- 
however, nearly certain from the firm hold which he formed in the very infancy of chemical philosophy, 
e^er after retained of them. He joined the Boyal yet their accuracy and their beauty liave remained 
Society of London in 1760, and published his first amidst the progress of discovery, and their merits have 
paper in their Trantaetiom in 1766. From the time been illustrated by discussion, and exalted by time." 
of his leaving Cambridge for some years his personal After this eulogium of so competent a judge, I (596.) 
history is not known, though he probably resided in shall be satisfied by a simple enumeration of diose Chemical 
London. chemical discoveries which were the most splendid ^l*?"''™ 
(S9S.) The subsequent history of Cavendish is the history results of his career, but which hardly come within di,h. 
Hi* won- of his studies and his discoveries. The latter were the immediate scope of this dissertation. To him we 
™'™^ published in concise memoirs, written with scrupulous are mainly or entirely indebted for the knowledge of 
idratlflc predsion, and nil printed in the Philotophieal Tratu- hydrogen as a distinct elastic fluid or gas ; of the 
kntnrlsdge. aetioiu. If collected (which they have not been) they exact constitution of the atmosphere, and tiie won- 
wontd fill but an insignificant volume, yet include all deifal constancy of its ingredients ; of the composi- 
the requisites to establish a first-rate reputation. His tion of nitric add; and finally, according to the 
studies no doubt were enormous, for they occupied opinion of moat persons (at least till lately), of 
every disposable moment of a life prolonged almost the non-dementary nature of water, and of it« 
to fourscore. They may be guessed at (in addition precise conatituente. This last and crowning dig- 
to the published rcsidts) from his manuscript remains, tovery has indeed been contested, and made the sub- 
a few of which have been edited recently, but the ject of a prolonged and bitter scientific controversy, 
larger part remains in manuscript in the possession of which hardly could be said to exist until the con- 
his hdrs. Few if any branches of exact sdence were temporary generation who witnessed the facts, and 
unfkmiliar to him ; and his published papers indude also the succeeding one, had passed away. For Cavea- 
aatronomy, mechanics, electricity, heat, chemistry, dish recdved imtil his death, and for nearly thirty 
and meteorology, besides which he cultivated mathe- years afW, the unquestioned tribute of at least the 
matics and geology. His reputation is one of those primary merit in so great a step in sdence. The 
which may be called in a peculiar sense European or topics more peculiar to the present essay (sufficiently 
universal, because it marked a great epoch in sdence extensive besides) enable us to dispense with the un- 
to which the publication of bis writmgs materially welcome task of once more analyzing a controversy 
contributed. That epoch was when chemistry be- purely personal, and which has almost filled volumes, 
came a sdence of weight and measure. Cavendish I shall content myself with stating two considera- 
was a wdgher and measurer almost by nature, and tione, which must have great wdgfat in turning the 
entirely so by habit It appears from his note-books baluioe of the evidence (supposing it balanced) in 
that he took the most scrupulous pains to ascertain Cavendish's favour. The fint is founded on the 
and record the quantities of the ingredients employed behaviour of Watt himself; the second on the known 
in every experiment, even though they might be im- character of Cavendish. 



material to the result; and his whole life was metho- As to theformerconsideration,Iwonldremarkthat 



(697.) 



dical in the same proportion. The immense impor- Watt withdrew the letter to Priestley which he had Contio- 

tance of Cavendishes labours to the progress of sdence submitted to the Royal Society and which contained "'"J o° 

in his day is found in the unanimous testimony of his views respecting the compontion of water, before ^^j'^J^ 

his contemporaries ; and notwithstanding the extreme it had been read at the meetings of that body.* The pogiuoD of 

retirement in which he lived, and the rarity of his causes of this suppression are candidly stated by**ter. 

appearances as an author, he was generally regarded Watt in a letter to Sir Joseph Banks, published by 

as perhaps the leading man of sdence in England of Mr Mnirhcad,* in which he states tiiat he ** thought 



^ L^* of CattiiMtk, bj Dt Qaorga Wilton ; ■ valuble blognphy, which bu brao prlnMd In the Mrie* of pBUIOfttloiu of tb« 
** Ckvandtah Society," uid thne anfbrtQndMly hu had bat ■ limited elnmlation. 

■ (brropoNcfmc* »■* lA« Oempoiaion of Wmw, {. 30. ' lud. f. 62. 

VOL. I. 6 B 
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Argument it pfudent to ddxj the pnblieatioii nntjl be ihould liis numerous animadTersiona oa aOta: jMuit of Uta 

from ^ hare eonoideted it [the theory of tbe oompositioQ same papers, be gives (as I bare pointed oat is ibe 

h»TioBr. "^ water] more matiu^y, and bave mode some ex- note to art. 318) free ezpreseion to tbo sensitiTft- 

perimenta to determine Uie proof or feJaehood of it." nesB which be felt lest Br Black should derive any 

This, it mnit be owned, was not the language of a man credit to which he was not entitled in connection with 

who bad acqaiied that amount of conviction which the eteam-engine, but he Baffers tbe passsige jnit 

ia needful, — not to broach a theory, — but to hold fast quoted to pass without remark. Such being the 

by it against all Imposition. With the caution which case, and wairing all purely chemical discasaiini, 

formed part of his character, Watt was unwilling I am of opinion that Watt's friends shonld have 

to hazard his r^mtation by adhering to a doctrine left the matter as he was content to leave it. 
whidt a]^>earB at the time to have received no sup- With refwenoe to tbe argument from GaTendish'a (096.) 

port fona his scientific friends, especially Dr Black, character, I would remark that whilst tbe claim of Argunvnt 

Having read the correspondence published by Mi Watt cannot be maintained vithout impeaching the ^[^^ 

Mnirbead, I cannot doubt that Watt, whatever his honourandintegrity of hisrival, andBhowingthatheofQ.,aa. 

prirate opinions might continue to he, would never stooped to subtwfoge in order to appropriate to bim-dlah. 

have urged his views on an onwilling public, but aelf a discovery due to anollier — it would yet be diffi- 

would have finally snp[ffessed Ae letter to Ptiestley, cult to find in the whole range of scientiflc history 

had not the experimenta and claims of Cavendish at (without axoepting thevenerahle name of Newton), an 

h<Mne, and of Lavoisier in France, reanimated all individual so devoted to knowledge for its own Bake, 

bis seal for tiie aasertion of his opinion. This in- so indifierent to the rewards of discovery, so averse to 

deed Watt ingenuously admits in the tettw to Sir the puUication of what he ^t to be important, and 

Joseph Banks just dted, where he states that the knew to be original, so insensible to ^e voice c^ 

&ct of similar theories having since been supported |H:aifle when applied to himself, so ardent in aoquaint- 

by philoBophaFB of first-rate abilitiea, removed bis ing himself with the labours of others, and bo liberal 

second objection to publication. As the suppression in assisting tbem. Such a man was Cavendish ; and 

of bia paper would have relieved Watt of alt the re- that he should stoop even to the common artiiicee of 

sponsibilityoferror, it seems impossible to allow him little minds for exalting his own reputation at theez- 

the advantage— of which that suppression deprived pense of others, would itself be incredible ; how much 

him — 4if antidputing the date of his matured convic- more the insinuation (grounded solely on alleged cir- 

tion; and to this conviction we have his own evidence cumstantial evidence) that in doing so he disregarded 

that Cavendish's publication as well as certain addi- the plainest dictates of honour and justice, 
tional experiments of his own influentially contri- Black and Cavendish were nearly oontemporsrie^ (699.) 

bated. Watt, in after life, may be said to have tacitly the fonner having been born only three years earlier. S^tt"' 

relinquished to Cavendish the honour which, in the But I doubt whetbra' these two men, so congenial inpcrimenti 

fintirntalionoftbeconflictof thnrcIaima,heshowed their Btudies, so different in almost every circum- on l*tont 

no disposition to do ; it is, therefore, reasonable to infer stance, whether of fortune or temperament, ever met. f^ tp"^ 

that, on reflection, he saw good reasons for doing so. They had this, however, in ocsnmon, that they pub- 

By this I mean that he suffered judgment to be passed Lshed their discoveries and observations with reluo- 

in fevour of Cavendish's claim in the writings of many tanoe, and were fastidious in the manner of doii^ so. 

of his eminent contemporaries, without attempting Black's experiments, both in chemistry and on heat, 

pablidy to correct the all but uoiversal impression preceded those of Cavendish, and with r^rd to the 

which they made. In one instance, he almost ho- latter subject (heat) it is probable that Cavendish 

molt^ated this adverse judgment: — In the artide on poreued investigationa and made or^;inal experi- 

9te«m, written by Bobison, and revised by Watt in his menta, in which he had been onknowin^y aatidpated 

last years and after Cavendish's death, this passage by the Scotch professor. His researches on latent 

appears, — >" This is fully evinced by the great disco- and spedfic heat (though he did not employ thesa 

very of Mr Cavendish of the composition of water ;" ' terms) appear to have been subsequent to Block's, 

from which it most be concluded, first, that Bobison, but to have preceded those of Crawford and Wileke ; 

the intimate friend of Watt, and the almost chival' and it is not impossible that his was the earliest, or 

rons defender of his fame, believed Cav^idish to one of the earliest, determinations of the amount oi 

be the true discoverer ; ■ secondly, that Watt, in heat absorbed in the conversioa of water into steaio, 

commenting on this artide in 1814, permitted tbe for which he obtained varions results between 923° 

ftet to be thus transmitted to posterity. For, in and 982°, a mean of which would be very near the 

' RoblMlD'l JfuAanieal i^iloKpby, ii., 21- 

* Tha krtidfl Wateb in the Mkrlj •ditioni of On Btnyekpmdia BrtlatmiM bM bMB qwitgd M the produotjni of Robisos, 
of whlah then doe* not appau to ezUt uij proof, whiljt tha prababilltf, u ahown In tiie text. Ilea all the other wkj. I Isam 
■pan tbe bait Mthorl^ that tha propriatort of tbii Bmefaloprndia hava no doe to tbe aotfaonUp of that artlds, ud that it 1* 
not Included in tbe llata of Bobiaon'a known eontribuUoil*. Tha part relating to the preaant qoeation wai ezpnngad in Che Foordl 
BdltloD, aod arefermMmade tolbe article Ohemiitrj whora CaTendiih recalvsd tbe eradit of tha diMOvarj. 
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trnth. But it is needlesa to dwell upon these obser- corioos Miecdot«a ue related of the annojaiioe which 

Tftlions, howerar original, because thej were toIhih the inentable accnmalatiDn of his anspoit inooma 

tariJy suppressed by the aathor, and have onlj re- occasioned. He no doubt would have distributed moro 

oently been broi^ht to light from his mannuiripts.^ liberally what he so litUe valued, but for the amount 

WhiU he did publish in connection with this subject (^time and inqoiry which such a course must bare 

waa a paper oa the coostruction and graduation of compelled him to withdraw from his beloTed pnrsmta. 

meteorological instruments, especially thermometera, Some instanoes of bis generosity are on record, and 

and others on the tempeiWure at which mercury others, no doubt, will nerer come to li^t, M. Biofa 

fi«eaei, and on freesing nuxtnres. The former of epigrammatic description of bim will probably long 

these papers was, as might be expected, far in ad- remain applicable, — " I] 6tait le pins ridie de tons 

vanoe of its age in the degree of exactness which was les savana, et probablement ansai le plus savant de 

shown to be attainable in the oonstruction of ther- tous les riches." 

mometers, and scarcely even now can it be considered This isolation of interest was doubtleM due, quite (602.) 
as obsolete. The papers on freesing mercury finally as much to a constitntionally morfaid temperament, 
* corrected the exaggerated notion at first entertained as to a real misanthropy. He avoided even the moat 
of the extirane cold at which that metal becomes casual intercourse with his fellow men, excepting only 
solid, and also contain valuable views on the sub- when it was likely to bear the immediate fruit of 
jeot of congelation, and fixed the latent heat of water scientific information. He almost never visited his 
at 160°. He calls this, "generation of heat" during relatives, and his heir pud him a visit of a few minutes 
liquefaction, objecting to Blade's term as relating onoe a year ; but he frequented regularly the social 
" to an hypothesis, depending on the supposition iJiat meetings of the Royal Society Club, and the evening 
the heat of bodies is owing to their oontuning mora reunions of Sir Joseph Banks. But be came, not to 
or less of a substance, called the matter of heat ; and participate, but to increase hie stores ; if he spoke, it 
as I think Sir Isaac Newton's opinion that beat con- seemed to be by inadvertoico, and be was silenced 
sists in the internal motion of the particles of bodies by a question, or even by a look. " A sense of iso- 
much the most probable, I chose to use the expres- lation from his brethren made him shrink from tbdr 
aion, beat is generated."^ society, and avoid their presence; but he did so aa 
(000.) Two of Cavendish's most important researches re- one CMiscioua of an infirmi^i not boasting of an ex- 
PapanoD fer to theattraction and densityoftheearth,«nd to tbe oellence. He was like a deaf-mute utting apart from 
"'"**'*'*'* mathematical theory of electricity. The former (whicbt a circle, whose looks and gestures show that they are 
■ndttaMry ^ principle,was derived from the Bev. John Michell) uttering and listening to music and eloquence in pro- 
of electri- has been already analyzed in the chapter on Astro- dudng or welcoming wbich he can be no sharer. . . . 
<^7- nomy (art, 166). The latter will be more eonve- He was one of the unthanked benefactors of bis raoe 
niently referred to in our chapter on Electridty. who was patiently teaching and SMrving mankind, 
,gm) Cavendish's publications extended over tbe greater whilst they were shrinking from bis coldness, or 
Biogular P"^ <^ ^* active life, but those on chemistry and mocking his peculiarities. . . . Such was be in life, 
pamui electricity, on which his fame principally depends, a wonderful pieceofintellectual clock-work, and as he 
^»<!tu- do not extend beyond tbe year 1776; thedatet^his lived by rule be died by it, predicting his death as if it 
vuidlib. P<ip6r on the density of the eartii is 1798. He died bad been the eclipse of some great luminary, . . . and 
24th February 1810, at the age of 79- He appears counting tbe very moment when tbe shadow of the 
to have exercised scarcely less influence by his general unseen world should enshroud him in its darkness.'" 
derodon to scienoe, than by his specific discoveries, I shall only add, that Cavendish was elected one (gos.) 
great and original as they were. In 1762, when of the eight Associates of the French Institute in 
Playfair met him incidentally in London, he de- 1803. This is a distincdon perbape the highest, of 
scribed him as being graierally looked up to as one a foimal kind, to which a scientific man can aspire, 
possessed of talents confessedly superior, and as tbe and was given at a time when, as an Englishman, he 
only member of the Boyal Socie^ who then united must have felt it to be peculiarly honourable. 
tlLe knowledge at mathematics, diemistry, aad ex- The philosophical chwacter of Cavendish resemUed «q,^ 
perimeotal philosophy. The absolute devotion of inmanyrespectsthatofNewton; andwithbntaslightHtephUa- 
bis liGs to inquiries the most abstractly scientific, modification of its secondary ingredients, be migbt Kiphical 
whilst he showed an entire indifference to the luxuries bare been, perhaps, another Newton in experimantal libuuter. 
which bis wealth might have commanded, and tbe physics. His singular inrammunicativeness, and tbe 
social station to which bis birtb entitled him, ooold absence of a laudaUe ambition to perpetuate his name 
not fail to inspire respect for his character, as well by the establishment of great theories, are perhaps 
as to obtain the homage of mankind for pursnita the main reasons why his reputation, exeept in che- 
■o dignified and so generally disr^arded. Many mistry, did not stand yet higher than we find it 

> Bv tiM Bav. W. VarsoD Hwcoart to BritM Auottatbm Report toi 1B39. Compsn Wilani'i LUt irf Oautmditi, p. 4U. 
■ no. Tnmt. 1783. 



■ FkO, IVcHu. 1783. 

■ miSDo'a Lifi 0/ Oamtditi. 
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A nutn iodif^^nt to exta'n&l relatioiu pnnnei even seqnently also intimately connected with the doctrini 

his Btndies at a disadvantage; and the patient la- of heat considered in rcferenoe to its most ordinary 

boun of so long a life deroted to a single object, source, Corabnation. 

would perhaps have told to greater effect had he He published in 1772 a paper on the Latent Heat (807.) 
pnblishied the results more frequently, and had he ofWater.andBOtneyearsaftenraidBone on the Latent Ptpcnon 
oommnnicated more freely with those qualified to in- Heat of Steam, whidi, in general, merely reproduce ^•■^T^'^ 
terchange their viawi with his. His excellent mathe- the views of Slack. In the memoirs of the Aca-^p^ac 
matical education, and bis tmusual skill in experi- demy of Sciences for 1760 (published 1784), wehnt, 
moit, combined with a habit independent of either, find an important p^ier <hi Heat written in conjunc- 
but not less valuable, of patiently drawing inferences, tion with Laplace, in whidi the calorimeter is de- 
might have placed him in the first rank as a discoverer scribed, though not under that appellation, together 
in Heat, in Electricity, or in Optics,* each of which with its applications and their results. The prin* 
adences was so soon to take a surprising step in ad- ciple of the calorimeter is too well known to require 
Vance. In several of his important researches, he to be detailed here ; but the authors of the joint 
was more or less antidpated ; a drcumstance which memoir refer, with commendable predsion, to the pre- 
his oold nature would perhaps scarcely have allowed vious labours of Wilcke of Sweden, who first employed 
kirn to make an effort to prevent Block preceded the melting of snow to measure the quantities of heat 
him in most of his excellent experiments on heat; given off by bodies in cooling. To Laplace and La- 
.Spinns in his theory of Electridty; Watt was at least voisier, is, however, due an important addition which 
close on his traces in suspecting that water consists could alone impart any value to the results, — that of 
of oxygen and hydrogen ; and the admirable experi- the external chamber of ice which prevents fusion 
ment on gravitation had been devised by his friend taking place by ihe contact of the external air and 
Hichell, and was not improbably recalled to his re- by radiation. The French philosophers were not so 
collection, by the happy use of the torsi<xi balance successful in eliminating the other source of inoo- 
by Coulomb. It is given but to a few to achieve great curacy specified by Wiloke, which arises from the 
disooreries, nor is the longest life always the most difficulty of drawing off the whole of the melted 
productive. Cavendish had his share, and some of water. Sir John Hcrschel has of late years proposed 
the moht considerable of these were even made later what seems to be an important improvement on the 
in life than is usual amongst experimentalists.* It calorimeter, by filling the interstices of the snow or 
is no mean eulogy of him to say, that the purity and ice with water, and estimating the quantity of the 
ardour of his pursuit of trutJi were never exceeded, former melted by the contraction of volumeof the 
and that had he been more ambitious of praise, he compound mass, I am not aware that it has been 
might have stood as pre-eminent in mathematical as yet practised. Ihavestatedin Art. (88)onegTound 
physics as he did in chemistry. on which the idea of the calorimeter (so far as not 
(60R.) AsToim liACRSKT Lavoisibr stands in intimate antidpated by Wilcke), may be probably ascribed to 
XavoUiw, connection with Cavendish, as well by the nature of Laplace. Another is to be found in the fact that, 
his pursuits generally, as by the brilliancy and im- in the opening of the description of the method in 
portance of his chemical discoveries, which were the paper which we are considering, Laplace writes 
nearly contemporaneous with those of Cavendish, of himself in the first person. 

He was bora in 1746, and suSered by the guillotine Of the memorable revolution which Lavoisier in- (606.) 
on the 8th May 1794, vrithout even tha shadow of troduced into chemistry, more immediately in oon-Ch«™*»d 
a misdemeaDour. He was attached to the sdences nection with the subject of combustion, I cannot ^^^^^[,1^ 
of Heat and Chemistry, which he prosecuted with expected to speak h^ at length. It is well known tion mud 
admirable success. He happily availed himself of that the early chemists entertiuned more correct ozidatioo. 
the discoveries of Black, Priestley, and Cavendish, as views as to the caldnatdon of metals than those pre- 
well as his own, to establish the important chemical valent during the greater part of the dghteenth cen- 
theory which has immortalized him. It is to be re- tury under the influence ef Stahl's theory of Phlo- 
grett«d that he was not always Just in dting the giston ; and that Lavoisier, in the first instance, only 
English writers from whom he so freely borrowed, led chemists back into the right road by insisting 
Such looseness was. however, common at that period, that tiie increase of weight observed when metals are 
and (unfortunately) has continued to be so in France ealdned in air, mtul be due to some ponderable sub- 
even to our own time, stimoe assodated wil^ the metal and derived from the 
(AM.) Lavoisier's more important papers may be <jassed air, and not to the escape of an imaginary spirituous 
HI* coDtri. uiuier two heads; those referring more immediatdy substance, endued with positive levity, and termed 
beatmod *** *^* sobject of Heat as a branch of physics ; Mid Phlogiston. But it required the progress which had 
chsmlBtrj. those of a m«e strictly chemical character, princi- already been mode in pneumatic chemistry by Black 
pally in support of the " O^gen-llieory," Mid con- and Priestley, and especially the discovery of oxygen 

* Tbli lut lul^Mst mtmM to htv» bean comparatiTeljr IndiSaruit to bim. 

* Hii disoorerr of tin compoaitioD at watar wu Duide whan he ma aboat iltj jaaf* of iga. 
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ij the latter (s fact sparingly alluded to by Lavoi- staataneons ; and the Hesitation and delay which oe- 

eier), to gire to the true theory a stahle foundation, cuired, enable ns, as Dr Whewell has well lemarhed. 

That metals' calcine, and that flames bum by the aid to eitimate the force of mind whioh waa nqaired to 

of the TiTifying principle of the atmosphere abstracted promnlgate the theory, — as the snbseqDcnt coarse of 

from it, and which addi its weight to the compounds discoTCry, and its infinite applications in practice, best 

produced, was the primary step made by Laroiaicr; attest its importance. 

to which, by cantions, yet rapid inductions, he added Lavoisier was still occupied in extending the (609.) 

the knowledge of oxygen as the usual (he beliered concluBions of his chemical doctrines, when he was ^^ ™f<^ 

the sole) acidifying principle, and demonstrated the overtaken by the unprovoked Beutence to a violent death. 

tme nature of carbonic acid. To these vaiious phe- death. Like Archimedes, he begged a short reepte 

nomena thus bapfnly reconciled, he added the theory for the completion of experiments in which he was 

of respiration, confirming it by the effects observed immediatelyengaged,but he was silenced by the brutal 

in air which has undergone that process. These, and reply that " the Republic had no need of philoso- 

many other consequences of the " oxygen theory," phers." He left a name equal to any in the science 

were deroloped in a numerous series of admirable of his time, and adorned by the memory of public 

memoin. The reception of it was ukything hut in- and private virtues, 

{ 3. DjiLTOlt.— Theory of Gates and Vapowra. — Lata of Expansion &y IIeatr~-Atomie Theory of 
C3l«)»Miry,— GUT-LUB8A0. 

(610.) John Daltoit, the chief author of the theory of ch»- apparatus constructed entirely by himself^ a position 

Dftlton— micaleqaivalentsorthe Atomic Theory (ashepreferred in the world of science unquestionably not seoond to 

Us ewij to call it), and of many important researches on the that of either of his more highly-favoured contem- 

M,np^'- constitution of elastic fluids, was bom at Eaglesfield, poraries. 

near Cockermouth in Cumberland, on the 6th of At the age of thirteen he had commenced the ardn- (611.) 
September 1766,' His parentage was humble, and ous office of on instractor; and from 1781 to 1792 
his family belonged to the sect of Quakers, whose pursued the same occupation in a humble sphere 
tenets he, to the close of his life, professed. Had at Kendal, where he fortunately became acquainted 
we wished to invent a striking antithesis in the per- with Mr Gough, a blind gentleman of some fortune, 
Booal histories of the cultivators of sdenoe, or to who devoted his time to the prosecution of science 
illustrate merely the various soils on which rich in nearly all its branches, and particularly of mathe> 
crops of discovery may be reared, we could scarcely matical subjects, of which he has left an enduring 
have imagined more striking contrasts ihaa in the record in many ingenious papers, published chiefly 
social positions and advantages of Black, Cavendish, in the Manekeitw Transaetiona and in Niekolton'i 
andDdton — threeofthenameswhichwehaveselected JoumtU. He patronized young Dalton, giving him 
in illustration of the history of physics of their age. &ee access to his library and apparatus, and reoeiv- 
MDtmtod Cavendish we have seen connected with one of the ing from himin return the hoiefit of his assistance in 
i^^thoM noblest families in England, and wealthy almost be- prosecuting his experiments. Baltou always recog- 
dbh mod JooA the dreams of the covetous ; spending his life nised (as he had unquestionably good reason to do) 
BiMk. in or near London, and enjoying every flunlity of di- the merits of bis patron, and tiie importance of the 
rect communication with the first scientific celebrities advantages which he had derived from his advice 
at home and abroad ; — Black, almost the E>«au ideal and example. Indeed, without some such fortunate 
of an Academic, not wealthy indeed, but surrounded concurrence of circumstances (and something simi- 
by all the opportunities of study, of information, and lar may be noted in the history of nearly all self- 
t^ social intercourse which he desired; psesionless educated men), it could hardly have been hoped that 
almost to a fault ; admired by his pupils and friends ; Dalton would have been so well grounded in the ma- 
enjoying, in short, all the advantagee which educa- thematical principles of at least some branches of 
tion and a literary position can afford for the prose- Natural Philosophy as he probably was. For, though 
' cution of a fkvoorite study; — Dalton, on the other his discoveries bear mainly on the science of chemis- 
luutd, poor and hardly winning a well-earned sub- try in the wide sense in which it was then nnder- 
flistence by private tuition, trota the time he was stood, yet geometrical precision is after all their fun- 
himself a chUd until near the close of his long ca- domental characteristic ; and whether in treating of 
reer,— with few friends, a scanty education, and a the constitution of a gas, or of the scale of a thermo- 
scantier library , atta ining, through his unaided and meter, or of the eompositiwi of a salt, it is evident that 
long almost nnheeded efforts, and by means of an numbers and ratios were ^e ideas predominating in 
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hu mind. In this lie resembled Cavendish; bnt be Its elastic 'force bong added to that of ihe dry tit, 

■£d not resemble Kim, and in one sense taa,y be iaid the wbole will expand nntil equilibriam is restored 

to hare Bnrpassed him, in tbe boldnees, we might call witii the conitant preasttre withoat, and this will oo- 

it audacity, with which on a frequently too slender cnr as soon as the elasticity of the dry air alone 

foundation of facts Dalton established, to his own (propertoiteincreasedTolnme), added toUieelasticity 

satis&ction, by reasoning almost-as mnch A prtori as of the T^»onr alone (depending solely on its tempera- 

tiuit of the mathematician, oomprehensive physical tore), are t'other equal to the pressure which they 

theorems expressing the laws of phenomena. have to support. In short, to use the precise enuD- 

(C19.} 1'he more important of these refer to the oonsti- ciation of Dalton himself, " in all cases the vapour 

IMtoa'a tution of gases and vapours, together witli their rela- rises to a certain force, oocording to temperature, 

wilting*, ^ong to heat, and to the combinations of bodies by and the air adjusts the equilibrium by expanding or 

chemical affinity. We shall endeavour to give some contracting as may be nv^uired."^ 

aoooont of these researches separately. They ere to The importance of this law (eanly verified in the (614.) 
be found detailed in tlie Memoirt of tht Literary and particular case) is readily percdved. Not only did iWr; of 
Pkihaophkal Society of ManAettm- (particularly the it affect tbe results of almost every experiment in ^rgTan»> 
fifth volume), and in UtAUia'i New Syettm of Ch«- pneumatic chemistry, but it rendered a new theory of '' 
mieal Philosophy, of which three successive parts ap- hygrometry indispensable. The older theory of Hal- 
pear«d in 1606, 1810, and 1827, of which the first ley, Leroy, and FranMin was, that tbe direct affinity 
is the most original and important. between air and water drew up a portion of the lat- 
(613.) I. We shall first speak of his resear<^es connected ter into the former with the aid of heat, whilst De 
^'•"•"*** with gases and vapours. It had been noticed by Saussnre (£Mai tvr I'HygromStrie, 1783) believed 
uii^ Priestley and others that when gases exercising ap- that the conversion of water into vapour took place 
poors. parently no chemical action upon one another, are first and independently by the action of beat, and that 
mixed in a confined space, they become, after the it was then drawn up into the atmosphere by the at- 
lapse of a longer or shorter time, completdy inter- ta«ction of the gases which compose it. Dalton's 
mingled, and that without any regard to even great experiments show that the air and the vapour mix 
diSerences in their density, the particles of the lighter without the slightest mutual inteiftrance or reac- 
gaa difTusing themselves contrary to gravity through tion. He founded thereupon an excellent prac* 
those of the denser, and causing them in their turn to tieal method of determining tbe amount of v^roor 
ascend. Tbe nnUbrm composition of our atmo- in the atmosphere. He first formed a table c^ tbe 
sphere, in all drcnmstanoes and at all heights, is a elasticities of watery vapour or steam for all tern- 
striking example of this property, Inexplanation of pcratures between 32° and 212°; and so simple and 
it, Dalton had in 180l arrived at the conclusion, accurate were bis methods, at least for the lower de- 
" that the particles of one gas are not elastic or re- grees of the thermometer, that his numbers are still 
pulsive in regard to the particles of another gas, hut received as amongst the best we hare. He t^erated 
only to tbe particles rX their own kind." The fun- merely with a oarefntly constructed barometer, into 
dunental -eKperiment on which tiiis singular con- the vacuum of which be introduced a few drops of 
clusiiHi was based was die following : — That tbe water, and raising die temperature by means of a 
quantity of vapour of water (which, when pnrely tube embracing it, and which could be filled with 
elastic, may be considered as a gas) whii^ eon exist water at pleasure, he observed careftiUy the depree- 
nncondensed in a given space, depends *oldy upon sion of the mercurial column. Tbe elasticities tiins 
the temperat u re, and is independent of tbe jnvsence of determined oommenced with 0*2 indies of mercury at 
wr imd of its own density. Thus water, or any other 32° up to 30 inches at 212°. These numbers, con- 
evaporable liquid, being introduced into a space con- sequently, represent the vttnott elasticities of vapour 
tabling air, or any other gas, of any density, bnt which can exist either t» air or twrton* sir at the oor- 
Bubjeet to a constant external pressure, the space in responding temperature. If we attempt to add more 
question becomes damp by the evaporation of the vapour, or to lower the temperature, in either case 
liquid; now the amount <f the latter converted into moistuiB will be deposited. Henoeto find the quan-^'""|*'"* 
va^xnir depends, according to Dalton, npon the single tity of vapour in the atmo^we when not riwolutely^,^^" 
Gtronmstanoe that the vapour yielded by it must damp, it is sufficient to ascertain the temperature at 
have the precise elasticity due to ita temperature, whidt it becomes so. This Dalton did by fiUiag a 

) ni« •uet etpTMrioD of tba eStet ia tlU*, «=i-£- whsr* p rapr«MOti the pnMura txpresMd in fnehai of Mienuiij npon a 

glT^vdwDa(*qiial UiwhU^ tt drjKlr; / tb* fares nf ft* vi^iir In *meioatthi tamptntar* «r •xpcrtauBt, tita la iBokaof 
NSKDrj ; and * Ilia Tolams which the mlxtnie of tlr end vapoor oeenplei nndir tbe glvco prawnre f anar Mtaration. It il eTident 
tbatp-ybeing thepreaanreduetotbadBttld^of thediy air aput fron the TspoW, whan we ■Orm that the voIameCl) beoomas 
■^—j we la effaet aflrni that HarMte'i (or Bof la'i) law Mmneatlng volama and prtMnra bold* true fOr air whlcb ii mixed with 
vapour, joit b» though rapaar were abcent or its ipaee Toid. 
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thin gluB with cold spring water, or bj adding, if of these wonderfnlly general and simple truths. Tet 

nooesstuy, tb« solid nitrate <^ ammonia, until the it can hardly be doubted that the mechaaieaL theory 

temperature fell so far that dew began to be deposited of the gaoee and vapours is capable of a great eztoi- 

on the snr&oe. This ezedlent method constitutes skm, and cTeo of heing illustrated by simple ezperi- 

in fact. the dwi-fomt kygnmteter. It has received menta. Bntthe attention of chemista baa beenwith- 

rariooB forms from Mr Daniell and others, bat the drawn &om the physical bearings of their science by 

or^^al one is probably the beet. the prodigioos increase in the number of oomponads 

(61S0 These important laws and deductions being fully whi^ they hare had to analyze and classify. The 

^'^'^ onderstood, the theory of the mixed dry gases follows most important sequel to Dalton'i disooTeries haa 

gaaM. U a simple oondlary. For it merely assots of them probably been that of Pro&ssor Orahaia. whose ex- Mr Qn- 

what has been admitted in the ease of steam, that periments prove that gases when separated by ali""'*'" 

they may difiise themselves, and exert their cjastic porous partition permeate it in both directions, until ^f™^ 

forces quiteindependently of oneanother; so that, (or they have mixed in proportions which are inversely 

example, in our atmosphere the total pressure is made as the square root of th^ density. This Uw clearly 

vp of the partial elastidtiee of the oxygen, nitrogen, shows the purely mechanical causes by whieh the 

and csrbonio acid which compose it, each actii^ to diSuBion is e^cted. 

the s«me ejnonnt as if it alone had existed in the A discovery of Dolton, which has scarcely been (61T.) 

space which it oocufneB. In his essay of 1801, Dal- considered second in importanoe to those we have 'j^'™ °° 

ton stated his view of these facts thus : — " The par- mentioned, is that the »«*« ef easpontion of ail gcuet ,ion*ofth8 

tides of one elastic fiuid may possess no repulsion or by heat i» the tame. Thus thermometers of air, hydro- guM by 

attractive power, or be perfectly inelastic with regard gen, and carbonic acid would all mark the same d^ree''"^ 

to the particles of anotiier." when plunged in the same medium ; whilst the mer- 

(616.) Discoveries so practical could not foil to exdte curial thermometer shows a more rapid expansion, at 

Dalton'* immediate attention, especially at a time when the higher temperatures, if the air thermometer be taken 

|^**''*°'°^researches<tfohemistswereeamestlydirectedtowuds as the standard. This important fact was soon 

the inbiect ^^ gssee. " The &cts and experiments," Dalton after but independenUy announced by Gay-Lussac of 

tells us in his Chtmieal Philotophy, "were highly Paris. Dalton's puUicadon dates &om 1801. In 

valued ; some of the latt» were repeated and found his Chemical Philosophy, he gives his view of the 

correct, and none of the results controverted ; but difiioult sul^ect of a true thermometric scale ; which 

the theory was almost universally misuad»«tood." he does not suppose to be correctl; represented by 

Its oppooents were BerthoUet, Thomson, Henry, and the simple expansion of any known substance ; bat 

others, and the rei^iee of the author are contained in that the gasea expand with true imz^nents of beat 

the work just cited. But he appears to have felt the in a very slow geometrical jn'ogreasion, whilst li- 

force of the objection, " Can it be conceived that an quids expand as the squares of the true temperatures 

elastic substance exists which adds its volnme to that from their freezing points. These and other laws 

of another, and which, nevertheless, does not act on equally arbitrary have not received support from 

it by its expansive force 1" — for in his chemical phi- later sAd more precise ezpoiments ; and in the se- 

losophy he abandons the comparison of gaseous par- cond volume of his work (1827) he fVedy aclmow- 

tides to similar magnetic poles which repel each ledges tie correction of his bypotheds by die more 

other, but are inert towards non-m^netic matter, and recent EWkdi experiments. 

allowing that heat is the primary cause oS repulsion II. I now proceed to the other part <^ Dalton's jj^^^) 

inallgasea, ascribes their diffusion contrary to gravity labours on which hiarepntatioa is prindpally baaed j^mg,^^ 

to the dissimilar size of their spherical molecules, namdy, the clear awertion and experiment*! esto- Thsory. 

"The partides of one kind beiag from their sieeuni- bliahmentof the Atomic Theory or doctrine of chemi- 

ahle to apply properly to the other, no equilibrium cal equivalents. I introduce it here on aocount of 

can ever take place amongst the heterogeneous mole- its important bearmg on all phydcal questions in 

eales. The intestine motion," he adds, "must there- which the constitution!^ matter and the forces act- 

fitfe continue till the particles arrive at the oppodte ing at minute distanoes are involved. 

•nifoce of the vessel against any point of which they Early opitMm* on At conttitatUm of naUer and (6t9.> 

ean rest with stability, and the equlibrinm at lengtii ekemitial cotn&inofion. — Two opinions have ]»«vailed^^'7 <V^ 

is Rcqnired, when each gas is uniformly difFused fi^om the very earliest times respecting the constitn- 1^* '"'^_ 

through the other." It may be seriously doubted tion of body : — ^that which supposes its entire homo- tntkm of 

whether this theory of the &ct8 will bear ezamina- geneouanese, and that whidi ^ows that it consists matter. 

tioB, at least no attempt has been made to demon- of material parts or atoms separated by void spaces ; 

strate it on mechanical principles. The subject has these parts or atoms being individhle. This last is 

been dlowed to remain during more than forty years of the doctrine of Democritus and Epicurus, and in 

■meqnalled activity in such speculations wiUioot ma- modem times of Bacon, Kewton, and Dalton.' The 

terial light being thrown upon the proximate causes former opinion has been held by Leibnitz, and many 
> The reader will find ample detail* oa the oploloiuDf the old«r phUoMpben In Dknbanj'i Aift^vctiM lo tlit Atomic Huorf, 
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writers of the recent Oerman ichool. Abstracting without referenee to the position of the atoms of aaj 
as far as possible from the more pnrely metaphysical of tike others. But a chemical compound consists 
difficulties (such as those which the consideration of of molecules or complex atoms, each composed of 
Leibnitz's law of continuity introduces), we may two or more ultimate particles of the constitaents 
perhaps be justified in stating that, whilst the objec* firmly united by a chemical force, and these complex 
tions urged against the existence of atoms fall upon molecules act towards one another exactly as simple 
our inability to conceive and describe the propertiea ones might do. The general notion of chemical forces 
of these individual ultimate parts in a consistent ora^niei»(asthey were perhaps first called by Geoff- 
manner, — the objections to the other notion meet us roy, a {Vench chemist) appears to have been appre- 
at an earlier stage, and seem to defy any clear con- hended in two different senses corresponding to the 
eeption of the nature or possible existence of com- atomic or non-atomic theory of body. For the former 
pound bodies, or of bodies in two states of consis- proceeds on the assumption of direct attractions or 
tence. Admitting atoms — whilst acknowledging our repulsions {puth-and-puU forces, as they have been 
inabilit^todescribethemindividnally — wecan clearly called) uniting some and tending to separate others, 
enoi^h conceive the phenomena of condensation, ra- thus assimilating completely chemical witli mechani- 
letaction, evaporation, &c., and also of the combina- cal forces. The other school adopts the word a^nity 
tion of elements in compounds poBsessing distinct as expressing a mode of action of matter upon matter 
properties; but excluding them, or allomng that totally distinct from that of force producing motion 
matter is penetrable by matter throughout, is it pos- in its particles, to which it is difficult to give an in- 
sible to conceive clearly of such a compound, — as for telligible form, much more to prove that the assump- 
example, of the perfect diSiiaion of two gases in the tion is warranted by the facts.^ In this state of 
same space, yet each gas retainmg its individuality matters the choice between an opinion perhaps erro- 
Bo completely as to admit of easy and complete se- neons, and one which assumes no definite shape, con 
BoMMTieh. paration from the other ] The theory of fiosoovich, hardly, to the practical philosopher, remain long 
which has been sufficiently touched upon by Sir John doubtful; when new facts shall have enabled him 
Leslie in the previous Dissertation, was intended, no to express intelligibly a new hypothesis, it will be 
doubt, to reconcile the two opposing theories, and it time enough to adopt it. 

cannot be doubted that it is in many respects an in- Dtdton'a Atomic Theory. — I shall first briefly state (6*1-) 

genious solution. Yet it is essentially (as Professor thegeneralfactsor laws to which Dalton gave an uni-j^^^^^^^ 

Robison maintains) a corpuscular or atomic doctrine, versal application, and then briefly refer to the un- nOoJ con- 

and it farther appears to be difficultly reconcilable to doubtedanticipationofpartofthembyearlierchemists. Uo^tion- 

the doctrine of inertia; for how can a finite number of For the sake ofdistinctnessthe/oetfoftbe atomic theory 

unextended physical points, though they may be the may be thus enumerated : — 1. That when two bodies 

centres of intense foreet, constitute a finite aggregate unite, not merely by mechanical mixture but through 

moMt Nevertheless this speculation has been od a chemical affinity of the elements, — two or more in- 

tlie whole favourably received, and in our own time gredicntd forming a wholewith new properties, — these 

seems to have been adopted by so eminently [uactieal ingredients are invariably fonnd to exist in eotutant 

a phUoBopber as Br Faraday. proportions. For instance, the carbonate of lime in- 

(6SO0 About Dalton's idea of atoms, however, there can variably consists of 44 parts by weight of carbonic 

Dsltons lie no doubt. They are, according to his view, pon- acid and 66 of lime, the slightest addition of either 

^*" ^^ derable, indivisible masses, having length, breadth, element remaining uncombined, or only mechanically 

and thickness, consequently form. He had distinct mixed with the chemical product. 2. In many 

conceptions of their relative weights, distances, and instances, however, more than one chemical combi- 

specific heats. He was particularly fond of depicting nation can be formed between two or more elements, 

them in diagrams, to which he often refers for a clearer and in the simplest cases, where the elements are 

exposition of his views than he chose to give in words, two in number and one remuns constant in quantity 

A mechanical mixture of gases like the atmosphere is whilst the other increases in amount, a freeh cho- 

for him a uniform difinsion of the atoms of each gas mical union of the particles does not occur until one 

throughout the space occupied by the whole, and of the ingredieuts reaches precisely double the amount 

Ukd In Whevill'a Philo: of /wIiusKh Seiauii, vol. 1. JTewtoo'i cciqactiira la upnM«d ia thew vorda ;— " All Uilngi oouidowd, 
it Mama probable that Ooid, in th« beginalng, formed matter in lolid, muaj, hard, Impanatnbla, movaabla parllclei, of inch 
iliei, fij^DTM, and vith ancb other propertiea, and la luch proportion to aptoe. u moat condnced to the eDd for which h« formrd 
them. And that thaw primitlTi putielei being aolidi, are Inccanpuably harder than any bodiei compoonded of them; even 
ao very hard aa never to wear or break to placea ; no ordinary power being able to divide what God hlmaelf mads one In the 
fint creation." HoreUy'i /fewbin, vol. Iv., 200, quoted by Doaben;. 

> A profound and luhlle tbloker of onr own time (Mr Leilie Ellii, of Trinity College, Cambridge) hai made a deflalte inggeitloD 
aa torn poaalbte form of chemical forcet, via., that thej maj not be luchaa are dlrectljeiert«d between apartiele A and a parcel* 
B, bat only by their presence enable A to act on B, or bear the Hma relation to force (common force) aa force la meehaoica doai 
to the motloa which it caniea, Thni, the acience of meobaalra woold Inalnde — let, Kioematlea, or pore motion depending on 
•quation* of the flret order ; Sd, Dynamice, depending on eqnatioM of the secoBd order i 3d, Cbemicd, Vital, Ac, fbr^, depend- 
ing on efoation* of higher order*. Oamb. IVom., viU., Wt, ««, 
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which had chemically combined with the other ; and oeRS portiooi of these laws twenty or thirty years 

if it happen that fresh eompounds are formed poa- before, addressed a scientific public by no means pre- 

sessing new qualities, then the varying ingredient pared to appreciate their value, or to feel a convictioii 

reaches 3, 4. or 6 times the amount which it had in of their generality. Had Wenrel,^ Hig^ns,' and WonMl, 

tlie first combination ; or more generally the propor- Bichter' individually apprehended the great impor- ^'SK'^^ 

tions by weight of the combining elementa may be tance of the definite and multiple combining pro- J^ " 

eoactfy repreaen4«d by whole numbers. 3. " If two portions which they announced, — had they felt the 

bodies combine in certain proportions with a third, theory of them to constitute the very fonttdationa <tf 

they combine ia the very same proportions with chemistry, — they would not have rested until they 

each other." Ilus is called the law otreeiproeal pro- had verified it in numerous details, and applied it to 

portio». Thus, suppose that oneonnce oTabody A, the varions purposes of specnlation and practice, as 

satnratea or forms a chemical combination with two Dalton did. But whether from want of energy, or 

ounces of B, 6of G, and 11 ofD; then if B, C, and D from illfortune, their ideas sunk into entire oblivion; 

are capable of combining, it will be in the exact pro- and the iogennity and social position of Berthollet 

portions of the nnmbers 2, S, and 11. Hence a single were giving a currency to opinions respecting chemi- 

nnmber being determined £)r each body, determines cal forces which tended to undo even the far more 

all its possible combinations with other known bo- elementary notions of the constancy of elective affi- 

dtes. 4. It may perhaps be added as an indepcn- nities, at the time when Dalton's researches were 

dent feet, that when complex bodies combine with nnostentatiously brought before the world. His first 

other bodies, no matter whether simple or compound, insight into the theory of chemical oombinataons 

the combining number of the complex body is the dates from the year 180S. It was expounded l^ 

sum of the numbers representiDg the constituents, him both in conversation and by lectnres in 1804, 

Thos the combining nnmber of lime is 28 ; but lime at which date Dr Thomas Thomson recorded the 

consists of caldum 20 and ox^en 8. So also the results of a oonveraatdon held with him at Manehes- 

Gombining number of water is B ; but water consists ter, which, three years later (evidently with Dalton's 

of hydrogen 1 and oxygen 8: and the combining approbation), he published in his work on Chemistry, 

nnmber of hydrate of lime is 37, the sum of the 2B Finally, Dalton himself, in 1808, announced the prin- 

parts of lime and 9 of water of which it is composed, ciples of his theory at no greater length than five 

f6S3.) The discovery of these laws has been termed by pages " on Chemical Synthesis" in his CAemicoi 

Purtiai ui> Sir John Herschel the most important, after the laws Fhilotophy. 

''r^^^ of mechanics, which the study of nature has yet dis- Nov, it is to he observed, that Dalton's views were (flS3.) 
tlwss Uws. closed. No slight or transient reputation is due oil along expreased in the language of a striotly^to-'^pp^"** 
to him who first clearly apprehended and tau^t them, mte theory. Compounds are <m\j chemically com- „,|q Thwrr 
Nor mnat we be surprised to find eeveral claimants to plete, when one or several atoms of an element com- to tba pro- 
a share of the honoor. It is the invariable history of bine with one, two, or more atoms of another. Any K'^**/>f 
all great generalizations, that they have been partly superfluity of either element remains uneombined, or'^ ^*'^' 
anticipated; and it may serve to moderaCs the self- mechanically mixed. All the other ports of the laws 
esteem of even the greatest discoverers, that however of combination readily lead to the same idea, and, in 
high may be thdr individual merits, they are in some fact, find in it their simplest expression. There is 
sense the mere exponents of the aggregate know- no wonder, then, that Dalton firmly believed in the 
ledge of their oontemporanes. The laws of motion physical csistenoe of his atoms, and that the new 
were partially anticipated before the time of Galileo, properties of compounds are due to the peculiar mo- 
and could not have remained much longer undefined; dification of the most elementary parts into which 
and «ven the nnparallded discoveries of Newton bodies can be divided without a loss of those proper- 
muat, in all pro^bihty, have ere long been mode ties, that is, without decomposition. He figured 
pieoemeal by the united energy of his contemporaries these elementary molecules by uniting the symbols 
and immediate successors. The steam-«ngme was of their constitnents, and by so doing, may be said 
not the sole creation of Watt, nor was Davy the first to have laid the foundation of those algebraic sys- 
to apply the volttuc battery to chemistry. In like tems of technical notation, which speak to the eye 
manner, Dalton's laws of chemical combination were only in another way from Dalton's diagrams, and 
published at a happy moment, which gave them which have been of such eminent service to the 
speedy acceptance with the active chemists of his chemist. Nor must we think too lightly of a hypo- 
day; whilst those who had seen with sufficient clear- thesis which served so materially to aid in realizing 

> Lekn voH il«r Vtmnuultiilutft dtr XSiftr, I77T. Ea «b(nv that fai « doobU dMonpcritiOD tba naw aompaundi are dieni- 
flUlTparfaot. 

■ A Comparativt Vita of tki PUofiMic and AiMpUogittfe fhterif, 1789, b; Mr WilUam Hlg^iU, polnli out the maltipla con- 
.... .... . „ — .... ft ralativa of 



> A i ^amyigriiinU dtr BUMngomMrlt, 1T92. Ha gmra a tviw of nDmbo* ivpniMitlBK tl 
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a discovery of audi magnitude. Dallon's earlier re- and of Sabstitntions to take the same rank ; and ai 

Marches were far more pbjBJcal than chemical ; and it evidently includes the idea that the atomic weights 

it is evident that the effort of representiog to his of the gases have a simple numerical relation to their 

mind, geometrically and atcmically, the condition of densities, it confirms Dalton's views of the great sim- 

mixed gases and vapours, led him to form clear plicity and uniformity of constitution of those bodies, 

ideas on the detiniteness of chemical comlunatious. In Sweden the doctrine of definite proportions found 

The delay in pahlishing his views^ no doubt de- one of its earliest advocates in Berzelius, and his 

pended on his desire to present them to the public analyses contributed perhaps more than those of 

in the form of a somewhat wide induction, although any other chemist to its perfect establishment, 
it is certain that his own opinion was fully formed It is not to be concluded, however, that the atomic fSSS.) 

Snaa a knowledge of only one or two cases of mnlti- or theoretical partof Dalton's laws obttuned the same"^"'*'' 

pie proportions, and especially the combinations of currency with the conditions of chemical combina- il^t^» 

hydrogen and carbon. It cannot be fairly urged as tion which they serve to define. Wollaston and 

couclnsive against the theory of atoms, that cases Prout were perhaps the most &vourably disposed 

occur difEcult to reconcile with the author's formal to the doctrine of atoms, though the former invented 

statement of it. There is no great theory — not even the term " chemical equivalents" to escape from the 

that of gravitation itself — which has not met with theoretic inference, and the latter believed that Dal- 

similar apparent contradictions. ton's law was only a portion of a more complicated 

(621.) rphe reception of the views of Dalton was some- one regulating chemical combinations. Wollaston 

^ddTd'^' ^^^ gradual, yet might be called rapid, considering even sought evidence in favour of ultimate atoms, 

E^UdiI, the olttcurity of the author, and his provincial resi- fi:om considemtions of a purely mechanical kind, 

dence. The energy of Dr Thomson of Glasgow con- such as the existence of a limit to the atmosphere 

tributed more than any other circumstance to com- (PAil. Tram, 1822), We may however admit, with 

pel the attention of chemists. He personally brought those who have taken an opposite view, that the 

it under the notice of Wollaston and Davy ; and the finite extent of the atmosphere is consistent with a 

former, who, by his habits of precise thought and ac- continuous mathematical law suitably assumed, and 

curate experiment, as well as from his extensive chc- without reference to atoms at all ; if, indeed, we can 

mical knowledge, would of all others have been the imagine a medium varying enormoosly in density, 

most likely to see its importance and probability, yet possessing perfect continuity of body. But we 

was doubly predisposed in its favour by having been will not enlarge farther on these almost metaphyai- 

himself for some time in possession of facts illus- cal considerations, 

tratiug the numerical laws of combination similar to During the period from his settlement in Man- <*"•) 
those which Dalton possessed. Wollaston published chester in 1793, to the publication of his Chemieai~l^^^ 
these in the Philotophioai Tran»aetion$ for 1808, in Philoiopky in 1808, Dalton was occupied in tuition, jgiitorj 
which he expressly states, that Dalton had antici- first in the Mosley Street Institution, where he lee- oontloo*!. 
pated him in the results of bis enquiry into multiple tured on mathematics and natural philosophy for six 
combinations of elements. Davy, as might have been years, and afterwards, privately, in a very humble 
expected, was less prepared to accept a doctrine and unpretending manner. His speculations and ez- 
baving the form of a mathematical law ; fae did so, periments gradually became more and more strictly 
however, alter a short resistance. In his Ckemieol chemical ; and, aware that his atomic theory was to 
Philoaophy he ascribes most if not all the merit of be the great foundation of his fame, he spared no 
it to Higgine, and is supposed to have looked coldly pains in illustrating it by numerous analyses. Con- 
upon Dalton's growing fame; but it is gratifying to temporary chemists have testified to the ingenuity 
add, that in almost his last appearance in public as and fidelity of these. Yet, isolated as he was, and 
president of the Royal Society, when presenting Dal- unacquainted perhaps with those niceties of manipu- 
ton with the first royal medal, he should have ex- lation which are suggested by the experience of pro- 
pressed himself in terms of cordial praise. fessional chemists, and rapidly communicated in great 
d^^' In France the new doctrine soon spread, notwith- cities, his numerical conclusions were often inexact. 
",[,y^'*' standing its violent contradiction to the theories of Probably he felt some discouragement from this, at 
Mc'i imw ofBerthollet. Gay-Lusaac was amongst its earliest well as from theindifferent reception of the later parts 
voluma. and most enlightened advocates; and he had the of bis CAemicaJ PAi^o«oj:iAy, in which he had to admit 
good fortune to add, in 1809, a new law to the the inaccuracy uf his theoretical scales of heat and 
principles of chemical combination, which is, that expansion. At all events, his publications became 
the gaaes, in uniting chemically, combine in equal or more scanty and less original, though he was still near 
multiple volumts, and when any condensation occurs the meridian of life. The reality of his discoveries 
after they have united, it amounts to an exact frac- had been somewhat coldly acknowledged, and he felt 
tion fjor^) of their joint bulk. This was the only little temptation to adventure himself in a more bust- 
addition made for a very long period to Dalton's ling arena, for which his habits and circumstances 
laws, even if we consider the theory of Isomorphism seemed to unfit him. Nevertheless, he had been, as 
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early as 1816, electedacorrespondingmemberof the of his writings; and he always spoke in terms of 
Institute of France — Wolloston being then probably high respect both of those who panned science in a 
the only other English name on the list^ Dalton similar direction with himself, and (what was more 
found his way to Paris in 1822, and was agreeably difficult) likewise of those who, having the good for- 
surpriied by the distinction with which he was re- tone to bold more conspicuous positions, showed him 
ceived by the roost eminent members of the Academy the smallest degree of kindness, which he always 
of Scienees. Perhaps this first pergonal recognition gratefully acknowledged. He was unlike Black and 
of his exalted station, as a man of science, had some- Cavendish, in the rapidity with which he seized on a 
thing to do with the tardy adjudication to him four few isolated facts, and made them the basis of an 
years later of one of the medals of the Boyal Society inference of great generality ; this, indeed, was his 
ofLondon. In 1830 he was elected one of the eight leading characteristic; and he differed from them 
associates of the Academy of Sciences in the room of equally in the boldness with which he claimed &om 
Sir Humphry Davy. the public a general acceptance of his conclusions. 
(ttS.) In 1833, at the age of sixty-seven, he received a Some of his inferences were unguarded enough, and 
^•'"'■•■pension from government, up to which time he had have not been confirmed ; and the reception of what 
maintained himself in the way already mentioned, were correct was naturally delayed by the evident 
vrith the utmost simplicity and contentment. Even facility with which bis theories were shaped in his 
in hia lifetime it was impossible for his eulogists own mind. Most of his papers appeared in rapid 
to forbear from some reference to this essential part succession ; only the Atomic Theory was brought 
of his really philosophic character. " Mr Dalton with some evident hesitation before the world. In 
has been labouring," says Sir Humphry Davy, " for all this we see the results of a vigorous imagination, 
more than a quarter of a century with the most dis- united with great perseverance, in working out an 
interested views. With the greatest modesty and idea. The imaginative element would have beea 
simplicity of character, he hois remained in the ob- more under control had hia education been of a less 
ecurity of the country, neither asking for approba- irr^ular kind. We see the effect of an opposite 
tion, nor oaring himself as an object of applause." turn in his eminent predecessors just named. They 
"There is little doubt," says Dr Thomson, "that would have done more, had they trusted more. Dai- 
Mr Dalton, had he so chosen it, might, in point of ton's discoveries may be said to have terminated at 
pecuniary circumstances, have exhibited a much more the age of forty. Though he laboured for thirty 
brilliant figure. But he has displayed a much more years after, the conceptive faeulty seems to have 
noble mind by the career which he has chosen ; spent itself in its earlier efibrts. 
equally regardless of riches as the most celebrated 

sages of antiquity, and as much respected aud be- Joskpr Louis Cat-Lussac, an eminent French «9o\ 
loved by his friends, even in the rich commercial chemist and physicist, contemporary with Dalton, c:s;-Liia> 
town of Manchester, as if he were one of the greatest has been mentioned in the course of the present sec- ■>c~cha 
and most influential men in the country." All who tion, as having discovered independently the ^i*I"h!iS,t 
had the good fortune to know him personally — to see dilatation of the gases, and also a law of their com- 
him, as the writer of these pages has done, in his binations in connection with their volumes, which 
modest school-room, and surrounded by his unpre- was peculiar to himself. Besides these researches, 
tending apparatus — will own that these eulogies are science owes many useful observations in physics to 
mad dsatb. not overdrawn. His latter days were spent in cheer- his energy and talent, which, in the origin of his 
fulness and comfort ; he expired on 27th July 1844, career, promised more of originality than his ma- 
having nearly completed his seventy-eighth year. turer life perfectly fulfilled. He was bom in the old 
(689.) The philosophical character of Dalton may be province of Limousin in 1778, and became the pupil 
b^omdIiI- ''"''^y summed up. He hod immense vigour of con- of Berthollet in chemical researches, and was one of 
Sd Blunc- ception, and an ardent love of truth. He was tho- the earliest and most active members of the Soci^t^ 
tw. roughly devoted to the pursuit of science during his d'Arceuil. In physics, he was the collaborator of 

long career, and he evidently sought and expected MM. Biot, Humboldt, and Laplace. With the first lUnurk- 

no higher reward than the insight which he obtained of these philosophers he made his earliest experi- bUs bdi- 

into the laws of nature. His mind, like bis frame, ment in aerostation, which he repeated alone on the'"""**"*"*- 

was of a strongly masculine character, and happily 16th September 1804, when he attained the amaz- 

exempt from nervous sensibility and other like in- ing height of 7016 metres (23,019 English feet), an 

firmilies of genius. Whilst he held his own opinions elevation previously unattained, and which in the 

with tenacity, and criticised freely those of his op- course of the succeeding half century has only twice 

ponents, there is not a trace of acrimony in any been touched, or exceeded by a small quantity.^ Con- 

> Soitstadbf Dftlton blmtlt (Lift hj Dr Henry, p. 163); bot I awpnt Nnoa miupprahanslon. CoDgldering tha importuiee 
■tUcfaed to theM nommMloiu, It ii to ba regrattid Uiat it ii at all times difflcolt to aaeertain who are, or have been, auoeiatM 
and corrMpaudsnt* of the Academy of Sclencei. 

• Onoe bj HU. Bizlo and Barral In 16S0, and anoe bj Ur John Web^*' <d 1663. 
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ridering the novelty of the experiment iu 1804 (onlj terrefitri&I magnetism tn Italy, and on other snhjects. lliwdU* 

twenty-one years after Montgolfier's first succeasful By desire of Laplace ho studied the facts of capillary "«•<»" «- 

experiment), this fact speaks strongly for his coantge attractioii. In more immediate connection with the ^fl"**"" 

andseal. These ascents were also the first undertaken subject of the present chapter, he made some Tain- t,^„^^' 

with strictly scientific aims, and the observations made able experiments on hygrometry. on the mechanic^ 

were highly interesting in connection with the decre- properties of vapour of difEerent kinds, and on the 

ment of temperature in tiie atmosphere, with the uni- specific heat of the gases. His fame, however, mainly 

fbrmity of composition of air at aU heights, and with rests on the two investigations to which we prerionsly 

the question of whether the magnetic force of the refSned, and on the results of his balloon journey, 

earth diminishes at such elevations. This last en- His later years were devoted to practical enqoiries 

quiry was not conclusively answered. connected with chemistry, and to his official duties at 

(831.) With H. de Humboldt he made observations on the Mint. He died at Paris on the 9th May 1860. Hii death. 

§ 4. RdmpOhd. — Eoonomical appUeatiotu of Heat. — Point of Maximum Dennty of Water ; Hope. 
— Friction aa a totiree of Heat. Theory that Heat ie convertible into Meehameal Energy ; 
Mr Joule. 

(632.) Thb name of Thomson, Count of Aumford, do- with which Mnnich then swarmed. Salutary views 
?"'V°^ serves a passing notice in the history of the physi- of the importance of industry, order, morality, and 
Rumford. ^ sciences, if not for the absolute importance of public economy, were most haj^ily united to « 
his discoveries, at least as an instance of a class of happy versatility of talent in physical research, to 
benefactors to mankind at once in a physical and in- unwearied patience and great liberality, in effecting 
tellectual point of view. He was altogether in ad- one of the greatest social reforms on record. The 
vonca of his age in the application of correct theory strict statistics of a great honse of industry were 
to the improvement of tJie social condition of the ascerttuned with reference to the most seemingly in> 
lowest classes ; and many of his experiments, and, signiBcant details, and, in partacular, all the appli- 
indeed, discoveries, seem now at once so simple and cations of Heat to the physical wants of mankind 
BO fhmiliar, that we are ^t to forget how entirely were studied with equal assiduity and sucoesa. The 
original they were sixty years since. w<tTmch of clothing was traced to the amount of still 
(633.) Sir fiBNJAiitH Thowsoh, sh American hy birth, a air entangled amongst its fibres, — the dissipaldon of 
HliMrly British knight, and a Bavarian or rather Austrian heat, whether fVom a thermometer or a kitchen boiler, 
udftudiw count, was bom in the Uuitod States in 1753, and was classified under radiation, oonduetion, and con- 
passed his earlier years almost entirely at military vection, the last and often most important of which 
stations during the American war, being engaged (signi^ring the infiuence of currents in liquids and 
on the British side. After the establishment of in- gases iu conveying heat by the changing density of 
dependence, he quitted his country for ever ; came their parts) had hardly brfore been recognised, or at 
first to England, where he was well received, and least made the subject of formal experiment, — the 
proposing to enter the Austrian service, he proceeded effective heat due to the combustion of difivrent kinds 
as far as Munich, where, having become known to of fuel, tested by a calorimeter of his own invention, 
the elector of Bavaria, he was induced to settle ; — the economy of light based on an investigation of 
and having received dlfierent dvil and military ap- the properdes of flame;— these were but a tew of 
pointments, he devoted himself for a series of years the trains of enquiry, of which his Mendicity Honse 
to the improvement of the soeial condition of that was the primary object. Charity and science went Pnctlad 
capital. Heintrodttcedgreat improvements into the himd in hand; and when we award to Watt the'»^fl*r»- 
man^ement of theanny; the mechanical and chemi- highest honours for an invention which enabled him ^^' 
cal departments of the artillery had a peculiar chann to create mechanical force at on economy of two- 
fbr him ; they were conducted on strictly scientific thirds of the coal previously consumed, shall we 
principles, and, in retnm, were made to contribute deny Rumford a civic crown for having so improved 
important results to sdence. His experiments on the the methods of headng apartments and of cooking 
heat of ftiction, deduced from the boring of cannon, food, as to produce a saving in the predous element 
are amongst the best we possess ; and diey led him of heat, varying from one-half to tnren-eightht of the 
to results of considerable theoretjool importance to fiiel previously consumed ?* When we consider the 
which I shall presently refer. enormous price of wood in nearly every part of the 
t^' But his most serriceaMe tSartaoa behidf of mai»- Continent, the destruction of forests which has oo- 
£^"[,e kind were in the treatment of the mendicant classes curred, and the consequent injury to the dim&t^ as 

teonanilcal 

■pplica- 

tiom of > In tlifl boapiU of Varana fas ndnmd th« coi»imiptlon of wood to vHt^kth. Soma onv wittily Mdd of Bnmfbrd, that ha 

hnt. " ■■ " — "•^- '^- '---'-• '^'- ■• .... ..r___, _...._._. ... 
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well as to the nanterial wealth (^ many districte, we it,* show that he hod excellent qnalifieatioiu. Hope 

are dupoied to gi*e Bumford a highei place than haa waa Snt the collet^e, then the sucoeaMr of Black 

genan^y been accorded to him. Had his excellent in the chair of chemiitrj in £dinhnigh.; and in his 

prindplas been onivenally earned out, some miliiona tine probably the meat popular teacher in £nn>pe 

sterling would bare been saT«d to ererj large state of that science. He died on the 13th June 1844, 

in Europe. Fontenelle characteristically says of a in the seTcnty-e^tli year of his age. 

certain »avant, who made expenmenta on nutrition, Bam&rd's name will be ever connected with the (637.) 

with a view to can7 bating to the atmoat practicable progtvssof science in. England by two drcnmstanoea;^^"*^ 

extmt, that bis researches had the donbte aim of itat, by the fbtindation of a po^toal medid and itoJ^Q.' 

m place in heaven and in the academy. CuTJw, who prize, in the gift of the Conncil of the Boyal Society ititaUoiL 

tells the anecdote in his Eiog* of Bomfiard, adds, <^ London, for the reward of diaeoveries connected 

that the latter had a tmer claim to the questionable with Heat and Light ; and secondly, by the estab- 

oompliment. That science is suisly- nc^ despicable lishment, in 1800, of the Boynl Inadtntion in Lon- 

by which a pound of wool, o£ fxiel, or of food, caa be don, destined, primari}y, for the promotion of original 

Bsade to ga one-half forther than before in warming discovery, and, secondarily, for the difinsioB of a tasta 

tiM naked and in feeding thie hongry, for sdenoe amongst the educated daSBes. The plan 

Dtfh^ 't ^" ^<'™^<^'" experiments were made with admir- was conceived with the sagacity which charactenzed 

•xpcri- '■^^^ precisian, and recorded with elsbontte fidelity, Bnmfordfandits success has been greaterthan could 

uauu. and in the ^ainest language. Everything with him haive been anticipated. Davy was there brought into 

was reduced to weight and measore, and ao paina notice by Knmford himself, and furnished with tits 

were spued to attain the best results. His axpen- means of pr^wcuting his admirable ejperimenlB. 

menta <m hsnt, and the pvopertiea of bodiea in con- He and Mr Faraday have given to that institutioB 

nectioB witk it, aro the most importauL He first its jnat cekfarity with little iutermiasioD for half a 

applied steam generally in warming ftuids and t» the century. 

culinary art. He maintained the paradox of the Bomford spent his later years in Paris, where he (MS.) 

non-conducting power of liquids, which, though prac- died in 1814. The estimation in which he was theu Ramford'* 

tically true, appears not to be rigorously ao. He held may be judged of &om the fact, that he was '"^ i!!^ 

contrived many ingenious instrumeuts ; but his ther. one of the eight foreign associates of the Academy 

moBoepe, identical with Leslie's diSerealial thermo- of Scienoes. He was very capable of having done 

metra', was probably of later invention, if not in more for sdeace : the versatility of hia talents, the 

some measuie borrowed from it. In like manner his accidents of his early lifo, and the strong hold which 

proofs of the maximum density poinii of water were prindples of philanthropy and public utility always 

tmquestionably suggested by Ik Hope's beautifol ex- exerted ovee him, account for the absence of mora 

periment, although tjiis derives its meaning from the sustained and erudite researches. But in those very 

laws of eonveclioD, which Bumford first established, particulars he deserves to be cited as a practical |du- 

(BM.) That water expands iu bulk below ^» temperatura losopher, as to many things in adtiuace of his age, 

Dr H<^ on of 39° or 40° Fahr. until it freezes, ie a &ct which and a boi^actor both to science and to mankind.' 

■nmdui'- ^^^>oen asserted since the middle of the seventeenth 

»ll» pofni ceatBry, But for 160 years its great improbability, 

of waur. and the unquestionable uncertainty introduced into Is the histMy of pure sdeocc BmnfWd will be (B39.) 

the result by the irr^ular expaoaion of the contain- chieAy remembered by his espousing the (not new) ^}* °P'' 

ing vessel or glass t^ the thermometer, enaUad seep- tbeivy that heat consists in a motion of some kind u,e"nVtu« 

tics in every generation to witUiold tb«r assent, Per- amcmgst the partioles of matter, in opposition to the oT fa«i im- 

haps the last who doubted was the dlustrious Dalton. opinions tlien so prevalent amtmgst chemiats, which poruat. 

fie allowed himself however to be convinced by X>r almost tended to regard it as an element ctqtable of 

Hope^ experiment, in which the temperature of the forming combin&tiooB. Bumfoid's view was mainly Dsrlved 

denser and rarer water is measured by two thanno- based on the facts of friction, which he showed to be '™" "P" 

meters placed at the bottom and top of a cylindrical irrecondlable with the notion of a diange iu the spe- f^icdon. 

jar, and nothing interieres with the natural tendency eific heat of the abraded matter, and to be seemingly 

of a flwid to arrange its partidea according to their ineshoustibte so long as the fiiroe producing frictioa 

speeiGc gravity, the lighter reetiug on the heavier is eontinaed. Hia conclusion waa, that the heat 

ones. It is to be regretted Aat Hope did not pro- then generated cannot be a nAttance, but an affec- 

secnte original enquiry, for which the conoepdon of tion at body »f tlie natore of vibratory metioB. Tha 

thia experiment, and tlie mode in which he conducted amount of heat evolved in boring cannon ia very 



iQiford married (for tba neond tima) Lsvoitlar'i widow ; hia dan^ter (bj hia first nuuriaga) bacanu Hadamc Cailer. 
H«K« Coviar'a Xlegt of Rnmford ONitaliu Uie moat aathando pwtlciilan of hli Ufa. Ma damn Romlbrd rarviTad saUl • f*w 
7Mn aiuoa, reaidlDK at Pirii, whan aba ftuaad ■ link batwsaa tba mwhu of the ^a of Lkvoisiar, ud tboa* ef tha middle 
of tha ninataanth ccntnrj. 
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great, an operation with which, as we have aeen, he Fahrenheit.* Mr Joule's experiments and inferences, 
was profess ioaally connected. In one experiment, a however, go mnch farther than this, namelj, that in 
steel-borer pressed with a force of 10,000 lbs. sgainst all circumstances where heat is generated, it is at 
gns metal, and revolving 32 times in a minute, gene- the expense of a precisely similar equivalent of mo- 
rated in 2i hours the heat necessary to boil IM lbs. chanical effect ; and conversely, that mechanical e&ct 
of water. It is probable that Rnmford carried his is never vied up, without a corresponding evolution 
views so &r as to infer a necessary and constant of heat, and that this is the case whatever be the 
relation between the quantity of heat generated and fiuids or other substances employed. Thus in the 
mechanical action expended ; and if we take an esti- steam-engine the possible efficiency of the engine is 
mate of horse-power more conformable to reality only limited by the mechanical effort due to the heat 
than the nominal horse-power of Watt (33,000 lbs. given out by the condensed steam. So theheat given 
raised 1 foot in the minute, nhich is too great^, we out by compressed air represents the force expended 
shall find a tolerable approximation between his re- in compression; and even tbe heat produced by voltfue 
salts and those now generally admitted. Davy fa- or magnetic electricity is that which corresponds to 
voured Rumfurd's theory, but the mechanical ques- the work it might do. A step farther leads to tha 
tion remained for 40 years almost unconsidered. equivalence of heating effects by chemical combine 
(840.) Atlength, about 164G, Mr Joale of Manchester en- tion to the amount of energy which, differently di- 
^"''J?"' ■*■ deavoured to establish a rigorous connection between rected, might have been realised in the shape of 
Mr Jouia. ^^^ mechanical effort expended and the heat gene- work ; and thongh a larger induction is still required 
Heehuiiisl rated by iriction ; and he appears to have satisfac- to justify all the conclusions which the zealons pro- 
•fftctof torily established (Phil. Tram., 1850) that in the mulgators of this comparatively new "mechanical 
*" case of water agitated by beaters, the work expended theory of heat" have advanced, it cannot be doubted 
by the fall of 772 pounds through 1 foot is capable that there is a basis of important truth in the matter 
ofrmsing the temperature ofapound of water hyl° of which well deserves fiu-ther enquiry. 

g 6. Sib John Lbslib. — EstdblUhment of certain Lava of Radiant Heat. — Fictet — Frevost. 

(6il.) Thb fact that heat is radiant, or passes through talents, and his love of reading, he acquired an im- 

t'^i'^**" apace in the manner of light, apparently disengaged mense stock of information on all sorts of subjects. 

^ of ^^ ^^7 material vehicle, became known at an early This he displayed not only in his conversation, but 

thescinice period. Porta in thesixteeDth century, and the Flo- also in his writings on technical and purely scienti- 

nf Mdlut lentine academicians in the seventeenth, had reflected £c matters, in which he frequently introduced with- 

^*^ heat by mirrors. Marriotte and Newton respectively out much apology illustrations from his miscella- 

assigned some of the laws which characterize it. neons reading, and even metaphysical disquisitions. 

Lambert, in the middle of the last century, made As is frequently the case in persons addicted to (643.) 

some real advances, but it was not until the very natural philosophy, his first original rcsearcheB were "^ •■■^ 

close of that period that heat in the radiant form was connected with mathematics. Flayfair, who ^&9°"^^'^ 

carefolly and systematically studied. The group of eighteen years bis senior, encouraged and directed aitotrlcitj. 

philosophers simultaueoualy engaged on it consisted him ; Ivory, who was almost his contemporary, and 

of Leslie, Rumford, Herschel, Pictet, and Prevost. also his fellow- student at St Andrews, was per- 

The two last named were earliest in point of date ; haps no less influential in confirming his geometncal 

but as we owe to Leslie by far the ablest series of tastes. The former communicated Leslie's first ori- 

experiments, and which for many years, and even to ginal paper to the Koyal Society of Edinburgh in 

the present time, have formed part of the body of 1788. It was on Indeterminate Equations, and was 

science, we shall connect his name principally with printed in their Trantacttom. Down to this period 

this section. we have no record of his bemg engi^^ed in original 

„('*"■) Sir John Leelib, bom in 1766, completed his experiments ; but it is probable that such was the 

ibiduT-^ studies at a very early age in the Universi^ of St case, for in 1790, and the following years, we have 

Andrews, From boyhood he nas remarked for a evidencenotonlyoftds having speculated onsubjects 

decided and independent turn of character ; and as of natural philosophy, but also that he had made 

his favourite studies were mathematical, he for some experiments intended to confirm or refute prevailing 

time pursued them to the exclusion of the classics, theories. A paper on Electrical Theories was read 

Ultimately, however, he attained also to a respect- to the Royal Society of Edinburgh, which, finding 

able knowledge of these, and by his strong natural them reluctant to print, he withdrew, and he only 

' To Ramfbrd, I belicv*, li dtu the Kttampt (in eonfonaily ulth tbii rlcur} to ucerUin tha baM developed bj the frictloa of 
flaldi, for Initance in churniDg (which, I thiok, WM Diia axptrimflut propoaed by bim), but I hsvs not bean ibie to find s 
rahraoce to It unongit hii aeatlMed wiiUnga. 
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publialied it more than thirty years after, when cer- 
tainly it Wis not calcnlated to advance science is a 
perceptible degree. An essay on Heat and Gimate, 
read at the meetings of the Royal Society of London 
in 1793, had not a more faTourable reception ; and 
though published twenty-six years later in Thonuon'g 
Annali, it was refused a place in the Philotophieal 
Trangactiont, The author, no doubt, attribnted these 
rejections to the boldness with which he criticised 
opinions currently received, and to the novelty of 
the views which were shadowed forth ; hut something 
is, no doubt, to be allowed for the real immaturity of 
these works, the involved and even inflated style in 
which they were written, and the questionable evi- 
dence for some of the conclnsions. In these, and in 
some subsequent scattered papers in NiehoUori* 
Journal, we observe, with all the faults, yet many of 
the merits of those researches which afterwards made 
him justly famous. We find acute observation, in- 
genious, if not close reasoning, considerable inven- 
tiveness in imagining experiments and in constructing 
apparatus, and a general tendency to express physi- 
cal laws in a mathematical form. It must be con- 
fessed, that these merits were united to a good deal 
of dogmatism, and a somewhat supercilious judgment 
of persons eminent in science whose years and at- 
tainments should have commanded respect. This, 
however, is a fault which many ardent students not 
very conversant with the world have had abundant 
occasions to r^ret at leisure. Whether or not he 
believed Sir William Herschel to have had some 
share in the refusal of his paper by the Boyal So- 
ciety I do not know, but it is difficult, on Other 
grounds, to understand the bitterness with which he 
expressed himself as to that eminent person, in con- 
nection with bis experiments on heat. 
(6M.) One of the circumstances which most contributed 

to encourage Mr Leslie's taste for experiment, was 
his eng^ement for above two years as tutor and 
companion in the family of the ingenious Mr Wedg- 
wood. Another was the opportunities which he 
found or made for himself of foreign travel. With 
or withont companions he visited, in the early period 
of his career, America, and most of the northern 
countries of Europe, particularly Holland, Germany, 
Switzerland, Sweden, and Norway. He also medi- 
tated a jonmey to Egypt and the East, a project 
reluctantly abandoned, and to which he reverted even 
in the last years of his life ; but it was never carried 
into effect. Nothing, perhaps, fosters so surely a 
taste for science as snch extended tonrs ; and the 
acquaintance made under the most agreeable cir- 
cumstances with foreign philosophers, and the &mi- 
liarity gained with their Innguage and experiments, 
contributes to it in no small degree. 
{6«.) We have now come to the period (rf Mr Leslie's 

hl''''j&M* ^''^ when his character and position became esta- 
«■ Hrau Wished, the first by the publication of his ETiperi- 
mental Inguiry into the Mature and Propagation of 



Heat, in 1804 ; the latter by his appointment to the 
chair of mathematics in the University of Edinbui^h 
in 1806. I shall first say a few words on his cha- 
racter as a mathematician. 

Mathematics were, as has been stated, his earliest (64fl.) 
pursuit, and he cultivated them with great industry MathemntU 
and success. His adviser, Playfwr. was attached f^' *'*'' 
to the methods of the foreign mathematicians ; and 
Leslie no doubt acquired ^^im him, as well as from 
his continental friends, a taste for the notation of 
Leibnitz, then hardly employed in this country, but 
which he nses in his work on Heat, and elsewhere. 
Nevertheless, his real preference appears to have 
been decidedly geometric. He almost always pre- 
fers demonstrations, whether in mathematics or na- 
tural philosophy, in the manner of Huygens and 
Newton. He could hardly be called a discoverer in 
mathematics ; but his work on Geometrical Analysis 
and the Higher Curves shows much taste and know- 
ledge, and is justly commended byChasles and other 
foreign writers. His attempt to replace Euclid's EU- 
metUt by a new work on Elementary Geometry was 
not more successful than such attempts have nsually 
been. 

Unquestionably, the bent of Leslie's mind was (W^) 
to physical research, in which he showed a peculiar inJ^^r^,, 
talent; and his selection of Heat was, as we haveof tbe mb- 
fainted, well-timed; since there appeared a con-j™'"'™' 
vergence of attention to the subject, such as usually*""" *" 
heralds some eminent discovery. The doctrines of 
heat in combination, of which we have already spoken, 
had engaged the attention of Black, Cavendish, and 
Lavoisier; the subject of meteorology, in which Leslie 
took the greatest interest, was becoming a science in 
tbe hands of De Saussnre and Delnc ; whilst Pictet 
repeated (without being aware of the aaticipation) 
the curious observation of Porta on the apparent con- 
centration of cold by a concave mirror.- As tlus ex- 
periment really opened anew the subject of radiant 
heat, we shall dwell for a moment on Pictet's labours 
and their results. 

Geneva was at this time nearly in the zenith of its .(8«.) 
reputation as a nursery of the sciences. The most ^'"'^ <* 
eminent and independent of its citizens were proud 
of being also amongst its instructors, and the office 
of professor was then, as it still is, considered one of 
the most honourable in the state. About 1790 De 
SausBure, the most eminent physical geographer of 
his time, was in the vigour of his intellect, and amongst 
his friends and coadjutors Marc-Audoste Pictbt 
held a conspicuous place. The latter was professor 
in the Academy, and being a person of popular man- 
ners and great information, was known and esteemed 
by the learned throughout Europe. He was the 
author of numberless papers in a sdentific jour- 
nal which he edited ; hut his work on fire — Euai mr 
le Feu — published in 1701, was his principal pub- 
lication. It contains some good observations on latent 
and specific heat ; and on the power of difierent kinds 



y Google _ 



944 MATHEMATICAL AND PHYSICAL SCIENCE. [Bibi. VI. 

ef nnfticet to reflect and absorb it. He notioed th« noBpherie pressure. This be called the diSerentaal 
diSerent Iieighte at which a blackened and a bright thermometer. A aimilar instrntaent had been de- 
thermometer stand even when exposed to common scribed by Sturmius in the seventeenth century, 
daylight ; bnt so far as I have obserred, he did not Whether Leslie had any preTions knowledge of this 
distingnish the efiect of colour in absorbing heat when does not appear; bnt, as Dr Young very correctly 
that heat is accompanied by light or the reverse ; and, observes in one of his aaonyraous critical ardcles, — 
indeed, this portion of his work stops short on the ** The principle of the differential thermometer is too 
threshold of most interesting enquiries. He showed simple to be called an invention, and it is only by 
that radiant heat travels with great velocity, and ob- its ingeniona application ihat Professor Leslie has 
served the heating and cooling of thermometers in made it an object of attention." He usually em- 
ezhansted receivers. His work also contains obser- ployed as a source of heat a canister of bIo<^ tin, 
vations on hygrometry, on some pointa of meteoro- filled with boiling water, and having sides with dif- 
Ic^, and on the heat of friction. Indeed, its chief ferent surfaces. The radiating or emissive efiect 
fcult is embracing so many t<ipics in so short a com- these surfaoes was measured by the rise of the ther-™^;j|^'^ 
pass, thus preventing him ttoat thoroughly exarain- mometer exposed to their successive inflnence in the^grftg^ 
ing any one of them. To Pictet is due the establish-, focus of a metallic reflector. The result showed a 
ment of meteorological observations at the oonvent great variety of effect, varying from 100 when the 
of the Great St Bernard, which are amongst the snriisice was blaokened, to 12 when it was of polished 
most interesting which have ever been made, and metaL The absorptive power of surfaces to non- 
which are still continued. He died in 1626, at the luminous heat is also in exact proportion to their 
age <rf seventy-Uiree. emissive power — a property which seems essential 
(M9.) The interesting experiment of the reflection of cold for preserving the equilibrium of like temperatures, 
mo^bie ^^ PiKKix Pbevobt, oue of Fictet's colleaguea, to Another and not less important law clearly esta- fB^l.) 
•qniU- devise the theory of " the Moveable Equilibrium of blished by Leslie was this, that the radiation of heat'*" •* 
brlnm of Heat." His idea is, that heat is a substance associated from a plane snr&ce takes place with unequal foroe^ ndlut 
with bodies, of a highly elastic nature, and eontinn- in diflerent directions.' When the speciflc headnghMt. 
ally given off &om them in proportion to then- ten- power or density of the calorific rays ie estimated in 
peratnre, which may represent the teniion of the a direction perpendicular to the snrface from which 
imaginary elastic fluul When the temperature of a it emanates, it is fonnd to be a maximum. At any 
body is stationary, it is (according to this view) be- other angle wHh the surface, it varies as the sine of 
cause it recdTesbv radiation from surrounding bodies the angle. This law (which Fourier showed later to 
exactly as moch heat as it parts with in the same be necessary for the equilibrium, of temperature) 
way. The general structnre of this theory was bus- obtains also in the case of light. Hence die appa- 
tained by the experiments of Leslie, and by some rent speciSc brightness or warmth of a eur&ce is 
later ones on the law of cooling by Bulong and Petit, the same und^ whatever angle it is viewed with re- 
which, indeed, realize it in a remarkable manner, fereoce to the plane of the sar&ce, which, when 
Prevost first published his ideas in 1791, in the plaoed obliquely, oontiribates rays from a larger ex- 
Jbumal de PAtfaiqne, and afterwards in a special tentofsuifaoe, owingtothefbreehortening, but being 
work. Prevost was a man of an active and vigorous^ weaker in the same proportion ^m every point, the 
rather than profound intellcct. He was a foreign aggregate effect is the same. Some interesting ex- 
member of the Royal Society, and died in 1639, at periments were made on the number of coats of 
the advanced age of eighty-eight. isinglass necessary to effect a complete transfbrmatioa 
feso.) We now come to apeak of Leslie's impOTtant Eitay of the metallic into the gelatinous Burface, which was 
j^*^ Oft Heai whidi received from the Royal Society the found to be considerable ; and, in like manner, the 
Aiot^Dif. distinction of the Bumfbrd medals, and which pro- r^ective character of metals was only very gradn- 
fanntiftl cared for him a European reputation. It is a work ally destroyed by varnishing. This observation, 
**'"~~'"^ difficult to analyze, ^rom the very &ct, that its con- rightly interpreted, showed that some solids are per- 
stmction is frt^mentaiy, and its arrangement desnl- mealed by radiant heat, a oonclnsion which Mr Leslie 
tory and obscure. Onr limits will only allow us to utterly rejected, 

mention the methods of research and tbdr chief rfr- Another fundamental experiment less derisively fH^^.) 

suits. As a thermofloopic instraiDent, he used a proved was, that the law of radiation varies inversely ^^j^,^,^ 

modification of the common air themtometer (which as the square of the distance. Perhaps the mostsqau« of 

last had been employed byPictet), which, having two oonvincing, as well as the simplest proof of this hastfaedl*- 

balls at a certain distance, connected by a bent tube been given more recentiy by Melloni. If a delicate *""* 

containing a coloured liquid, showed the difermuse of thermometer or other apparatus for measuring radi- 

temperatnre of the balls; and being hermetically ant heat be confined in a case, bo as only to admit 

closed, was free from the disturhing variation tA at- rays coming within a definite angular space— and if 



1 Tbd rwalt had alrwdjr baoi rattdpatod bj Luibaft; P^nmnrit, p. 197. 
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the initnunent be placed in front of an indefinite generally called " convection," that is b; currents 
plane (sach as a wall) hotter than itself — the rise of which the comninnication of beat itself produces ; the 
temperature will be precisely the same, whatever be other, " pulsatory," which corresponds to what is 
the distance at which it is presented to the heated usually termed radiation, but whi<ji Leslie persisted 
surface. in believing to be due to tremors propagated in air, 
CSiO.) The infiuencs of colonr on the heating of bodies afler the manner of sound, and with the same velocity. 
^a(DM ^dg oonsidered by Leslie in an original manner. It In the coiiclading chapter of the work before us he 
«a rtuUkot ^^^ found to be effectual only when the radiations are considers the cooling effect of different gases, and of air 
bwt. luminous. A thenaometer painted black or wbit« of different degrees of rarefaction ; and this last ez- 
(provided the tuitvre of the surface be the same) perimeut might, one would have thought, have satis- 
parts with its heat, and also absorbs the heat da- fied him of the fallacy of his opinion ; since, taking 
rivad from such a source as boilii^ water, in an al- his own numbers, when air is rarefied 1024 times, the 
most equal degree. The efket depends chiefly on the " pulsatory energy" is only diminished one-thinl part, 
degree of polish or condensation of the surface. But In fact, it appears as if his work broke off abruptly, 
with luminous sources of heat Hie case is widely dif- when the course of observation became irreconcilable 
f^rent. This subject had been carefully considered with the opinions advanced in the early part of it. 
previously to the date of Leslie's work by Sir W. Afterthis analysis ofLeslie'sgreatestcontribntion (SfiS.) 
Herschel, who hod studied the absorbing power of to science, I cannot afford space to dwell upon his ^^ minor 
different colours on the sun's rays. Black and whtt« minor inventions. I pass over them, however, with yr^j^^B" 
fbrm the two extremes, and Leslie availed himself of the less regret because they have Jieen fully dwelt uperl- 
this principle to construct his photometer, which cer- upon in bis " Dissertation," of which the present is a "•"*• 
tainly (whatever may be its defects) is an elegant mo- continuation, and in his articles on Cold and Meteo- 
dificadon of the differential thermometer. It is an rology in the Eneydopadia. The most original and 
instrument having one ball of black, the other of important of these was his very beautiful process of 
pellucid glass, and united by a tube of the form of producing ice in quantity by the cold of ev^ioralion, 
the letter U, containing sulphuric acid tinged red as in the receiver of an air-pump ; rendered effectual by 
an indicator. As the texture of the surfaces of both his ingenious use of absorbent surfaces for with- 
balls is the same, dark heat is equally absorbed by drawing the vapour. This experiment was completed 
both, and the indicating liquid r^nains stationary, in 1811, and attracted much attention. It was con- 
But in the sun's rays, or even in common daylight, nected with his researches on hygrometry, to which 
the dark boll becomes most heated ; and it is not he also adapted his differential thermometer. But 
unreasonable to conclude, that tcAtfn t\e eouree of in the development of this diflUault theory, he was 
htat remain* the tame, its variations of intensity are less successful, nor indeed could he well be so, whilst 
correctly shown. Leslie, however, erred in consider- he adhered to the old opinions respecting the afSnity 
ing that it was applicable to measuring light differing of air for moisture. 

in origin and quality on a comparative scale; and Havingfilledthe AIathematicalChairfroml805to (686.) 

this error he unfortunately persevered in, after nn- 1619, Lesliewasin the latter year translated to that '''°**°^^'* 

questionable experiments had shown its fallacy. of Natural Philosophy, vacant by the death of Play- "■"•'^' 

(OM.) The Essay on Heat contains an elaborate and &ir. He had a good collection of apparatus, and de- 

J™Ji^T^ ingenious research into the law of cooling of bodies, vised many ingenious experiments. In 1820, he was 

demrioiui°''lu^°S '^^ ^'^^B t>f i^^B, surface, contact of air, elected corresponding member of the Institute of 

dmm- currents of air, and likewise of incloaure of the cool- France, and died on the 3d November 1632, at the 

*'**°**' ing body in successive envelopes or thin cases ; and age of 66, having received the honour of knighthood, 

the author ingenionsly compared the results of actual on the recommendation of Lord Brougham, but a few 

experiment with formula based on principles more months before, 
or less theoretical. But a fundamental error unfor- 
tunately runs through all this research, and shows In closing this brief sketch of Sir John Leslie's (6GT.) 

in a sbiking manner the &tal influence of theo- career, we cannot fail to observe the combination of 'll*pl>''o- 

retical preconception steadily maintained through a unusual powers with unusual drawbacks to *heir^^^^j^^ 

UtAW* course of experimental enquiry. He starts with the complete and vigorous exertion. Whilst he had the jq taja» 

pMiilUr Doiio]!, that the presence of air is essential to the chief merits, he had also the most serious defects, of polnta d*-. 

jji^^^^ propagation of Heat, generally called "radiant." In the self-formed student. He was ardent and ambi- '™*''" 

g^lon of fact, for radiation he usually substitutes the word tious in the pursuit of knowledge. He must have 

^■•t. <> pulsation," and ascribes the efibct of surface in mo- been for many years a hard, if not a methodical stu- 

difying tKe cooling of bodies to its faculty of trans- dent ; he united good mathematical knowledge with a 

mitting pulsations or tremors, more or less readily, real love of experiment ; he was gifted with a strong 

to the vehicle of the air. He was indeed compelled memory, and confident in the exercise of all bis 

to admit that air had a double agency ; one " abduc- powers. Why, with so many advantages be did not 

tive," as it draws off heat by contact and by what is achieve more, nor put forth even what he did to 
VOL. I. 6 D 
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greater adratitage, was mainly because he yielded to exiatence of climates in the arctic re^ons of which 
the guidance of an imagination which often carried the mean annual temperature does noti exceed 0° of 
him into fanciful speculation, jet which was strangely Fahrenheit, proved by Parry and his successors, — 
united with dogmatism in maintaining what he had all these, and many other demonstrated truths in his 
once maintained, and a disposition to accuse others of own peculiar walk of sdence, were, we fear, practi- 
misinterpreting nature, whenever they arrived at con- cally ignored by him throughout life, (869.) 
elusions inconsistent with his own. But we willingly leave the ungrateful task of indi- Meritofhii 
(BBS.) I** '^'^^ sciences as those which he chiefly culti- eating defects. Let us recollect rather with pleasure J^'^^''^" 
vated, — sciences eminently progressive, imperfect, how much we owe to his beautiful discoveries. It is uuehM. 
and dependent on experimental proof,^ — a just appre- perhaps not an insignificant test of their originality, 
elation of the labours of others is one of the most that though they were generally adopted (at least to 
essential parts of the philosophic character, whilst the extent which his own experiments justified), Les- 
an absence of it infallibly condemns the dogmatic lie's observations were but rarely repeated, and that 
theorist to be gradually left behind, even in the paths only in the way of general confirmation and illustra- 
which he had at first trod with the greatest distinc- tion. I mean that for a great many years the path 
tion. With few exceptions. Sir J. Leslie carried his which he had opened, and the methods which he de- 
Bcientific views of 1804 with him to the grave. The scribed, were not seized upon by others, as leading to 
possibility of the passing of heat, except solar and a sure course of discovery. Until the time of Duloug, 
highly luminous heat, through any solid body, such his experiments on cooling were perhaps never care- 
as glass, though proved by Maycock, De la Roche, fully resumed, and a very great number of his sub- 
and Powell, — the existence of dark heating rays in the jects of enquiry were only taken up thirty years after 
■unbenm, less refrangible than the red, demonstrated their publication, as we shall see in a future section, 
by Herschel, and afterwards confirmed by many The observations of Herschel on the Refrangihility (660.) 
othere, — the doctrine of gases and vapours as laid of Solar Heat, I shall include in the notice of the 
down by Dalton, — the maximum density point of experiments of Berard and De la Roche, to which 
water shown so ably by Hope and Rumford, — ^the we shall presently turn. 

5 6. FOUEIBE.— ifatAfliiafftfai Theory of the Conduction of Heat. Lambert ; Poisaon. — 
Temperature of the Earth and of Space. 

(661.) It U stated by Arago, that when the Academy of proportion as the diOerence of temperature of two 

Thwnynr Sciences, above a century ago, proposed as a prize Bub- sections of the bar at a given short interval is greater, 

a«iof bwti^*' " ^* Nature et la Prop^ation du Feu ;" adding, (2.) That the bar parts with its heat to the surronnd- 

— Lmof " la question ne donne presque ancun prise i. la g€o~ ing space, exactly in proportion to its excess of tem- 

twrt, metrie," — a majority of the candidates treated of the pcrature at every part. 

methods of preventing the burning down of houses 1 This beginning, which perhaps like many of Lam- (SU.} 
It is true, however, that on that occasion, Euler sent bert's other writings was not very generally known, N°t. 
a memoir which, though crowned, was unworthy of had no sequel until 1804, when M. Biot attempted to 
his genius. Laubbkt in his "Pyrometrie,"in 1779,' find the differential equation of the general movement 
had lixe rare merit of laying the foundations of the of heat on the same principles. But the form which 
science of conduction. He solved correctly this ques- he obtained, including a mathematical soleusm, be- 
tion : — " If a thin conducting bar of indefinite length trayed some error in stating the conditions. Three 
be kept with one extremity heated to a constant degree years later Fourier had more success. But, conform- 
above the surrounding space, required the tempera- ably to the plan of this discourse, I shall premise 
ture of any point in the axis of the bar V The solu- some facts regarding his early career, which was far 
tion is, that the temperatures, or rather excesses of from commonplace. 

temperature, diminish in a geometric ratio, at dis- Josefii Fourier was bom in 1768, at Auxerre in rM3,) 

tonces reckoned in arithmetical progression, from the France. He was of humble parentage, and being roarl■l^~• 

origin of the heat.* In this solution it is assumed, early lell an orphan, was educated by the Benedic- ^j' '"^J 

(1,) That the Sow ofheat along the bar, is at any point tine monks who, singuloi-ly enough, conducted with " '' 

' ' proportional to the rapidity with which the tempera- success in that town a military school. It seemed 

ture at that part of the bar is lessening as we recede his fate to become either a priest or a soldier ; yet he 

from the source ; inotherwords,thattheflowofheat was neither, though ere long familiar with camps, 

from the hot part to the cold part, is more rapid in He became first a pupil of the old normal school of 
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PariB, when Lagran^ Laplace, and Berthollet were dignity possible at first; and afterwards, it was his 
amongst the professors. He had already presented misfortune to bo unable to hold a political station 
to the Academy, at the age of 21, a paper on thenu- without ofience, amidst the violent intestine conBictg 
merical solution of equations, a subject of predilec- with which Franco was afflicted. He alternately dis- 
tion with him, and to which we shall presently return, pleased his old master Napoleon and the Bourbons, 
After leaving the Normal School, he was named one and the consequence was, that after the Restoration 
of the origiual professors of the Polytechnic School, he found himself dispossessed of cyery employment, 
s station of which he was justly proud, but from master of not one thousand pounds, and refused by 
which he was withdrawn by the xequisitlon to join, the government even a seat at the Institute. Thii 
along with Monge and other tanant, the Expedition indigence, so honourable to himself, and this neglect, 
to Egypt under Napoleon. It was the singular fancy so disgraceful to others, tended, no doubt, to increase 
TiMEgfp' of that extraordinary man, to create an Hgi/ptian an irritability, such as intense mental exertion ofles 
tUn liuti- ImtituU, of a constitution similar to that of France, produces, and which the injustice of his scientific 
*"*"■ Fourier was perpetual secretary. But it proved little countrymen had already aggravated. Finally, how- 
better than a waste of talent The arts of Egypt were ever, ho received a modest post connected with the 
not regenerated, and France was despoiled of some civil administration of the department of the Seine; 
of her ablest philneophers. Fourier bad quite as much he was also elected a member of the physical Bection 
to do with batilcs and treaties as with equations and of the Academy of Sciences, and he finally became 
experiments. Yet he often referred afterwards with perpetual secretary of that body. 

partjal rrarllection to those stirring times, and re- Fourier's papers on Heat show a remarkable com- (BBS.) 

counted, with the ardour of a somewhat garrulous bination of mathematical skill with a strict and P^^~„i il^. 

temper, the valiant feats of arms which he hod wit- cise attention to physical considerations. In thishe,ion— «i- 

nessed. Fourier edited the account of the Expedition excels almost every writer of his time, and especially ptrimauls. 

to Egypt, and wrote the historical preface, the com- his colleague and younger rival, Poisson. His expe- 

position of which ultimately procu.cd for him a seat rimental skill is not to be so highly praised, although 

in the Aeadimie Franfiiit. he illustrated several of his solutions by actual trials, 

(66i.) On his return to Europe, he was appointed Prelect which he submitted to calculation, and showed to 

Fourier ^f ^^^^ laJre in 1802, and Grenoble became his agree with theory. Their degree of precision, how- 

coiTwitlT ^<""^ '■"■ some years. Whilst he devoted a just ever, hardly allows them to be coosidered as tail 

tht auklj- share of his attention to his public dnties, be found of theory. 

tiol torm fxxne to produce his greatest work. The Anali/tieal Fourier assumes the correctness of Newton's law, >ggg •. 

^^^'^"^ TAeory of Htat. His first paper on this subject as well for communication of heat from point to point Awunp- 

condDctigo. dates from 1807- It was communicated to the Aco- of a solid, as for the external radiation by which itilomof ths 

demy of Sciences, but not printed. I^e subject was parts with its heat into the surrounding space. I^i-hJ™ 

however proposed for a prize, to be decided in 1812, the former case, the flow of heat is proportional to 

when Fourier's essay was crowned, hut, strange to the rapidity of the depression of temperature, in the 

say, not published. The cause, it is to he feared, lay direction inwhich the motion of the heat is considered; 

in the jealousy of the greatest mathematicians of the in the latter, it varies as the excess of temperature 

a%a. LapIace,L^raage, and Legendrc, the committee of the «ur/ai;« of the hot body above the surrounding 

of the Academy, whilst applauding the work, and ad- space, affected, of course, by a constant depending on 

mitting the accuracy of the equations of the move- the radiating power of the surface. These, as I have 

ment of heat thus for the first time discovered, insi- said, were also the Postulates of Lambert's solution, 

nuated doubts as to the methods of obtaining them, Fourier's researches, fortunately perhaps, preceded 

and likewise as to the correctness of the integrations, for the most part Dulong and Petit's enquiry into the 

which were of a bold and highly original kind, true law of cooling. I say fortunately, since other- 

_. 1^ These disparaging hints were not supported by any wise Fourier might have been discouraged from at- 

jlMUon— precise allegations ; and we can. scarcely blame Fou- tempting the solution of problems which are highly 

rinliy in rier for feeling indignant at the tyranny of the mathe- important even in an approximate form. 
tha luMl- niatical section, and little disposed to regard with With regard to the law of radiation, Fourier had (86T.) 

favour the few and comparatively insignificant efforts the merit of showing, for the first time, the necwjtty of ^^c^j^ j^^^ 

of several of its members subsequently to ratify and Leslie's experimental law of the intensity of emanatedof amuu- 

extend the discoveries which he hod unquestionably heat being proportional to the sine of the angle which tion. 

made. The manuscript, al^r lying for twelve years in the direction of emanation makes with the surface, 

the archives of the Institute, where it was consulted This he considered both mathematically and physi- 

bydiffbrent persons, was finally printed, uonf /or word, cally. Mathematically, he showed that were this law 

as it stood in 1812.' Fourier's long absence from not true, a body might be maintained for an indefinite 

Paris in a remote provindal town, rendered this in- time within an envdope of constant temperature, and 



1 8a« FOoriar'a not* at Oia wmmencamcnt of hii paper. Is Hamoin of the Inatituta fta 1819 (printad 1834). 
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jet never acquire that temperature, even approzi- slice perpendicular to the axta of the har, is the 

mutely ; and ph^sicaUy, considering that radiation resalt on the one hand of th« heat which it acqnitea 

proceeds not from a mathematics surface, hut from from the hotter slice nearest to it on the side of tho 

ft material physical stratum of an imaginable thick- source of heat ; and on the other, of the beat with 

ness, but which rapidlj absorbs the emanations pro- which it parts to the slice next beyond and also to 

ceeding Irom the inferior particlea, he proved that the wr in contact with the exterior sni&oe of the 

the attenuation due to oblique emanation will fol- slice and by radiation from the same lorilice. The 

low Leslie's law, independent of the precise rate of solution of this problem is that of a simple differential 

absorption in traversing the physical snr&ce. equation of the second order, and the result is the 

(668.) Fourier takes extraordinary pains to defioe and dimioishing geometrical progression of temperature 

^flnition JQgtify every step of his demonstrations. He has the already mentioned. This has been approximately con- 

iDg power, P**' merit of having first given a clear definition of finned by some carefiil experiments of M. Biot, which 

conducting power, or eondti^tnty proper, which is indeed are nearly the beet which we yet possess on the 

this : — " The number of units of heat (measured by subject. But instead of drawing from them, as he 

the weight of ice which it can melt) passing in unit does, an argument for the accuracy of tlie Newtonian 

of time across a square unit of sur&ceof an infinitely law of cooling, the diminution of temperature along 

extended plate bounded by two parallel surfaces at the bar is for more rapid at first, and less afterwards 

unit of distance which are respectively maintained than that law indicat«8. In fact, the apparent agree- 

at the freezing and boiling temperatures (unit of dif- ment of the formula ia owing to the ase, in a case to 

fereoce of temperature)."^ In like manner, Ae "ex- which it does not correctly apply, of that often mis- 

aod of tenor conductivity" expresses the nnmber of units applied rule of the doetrine of chances — the method 

" uurlor of heat parted with by unit of surface to the air and o{ least squares. 

condoctl- surrounding space, when the di%rence of their tern- The solution of another case of stationary tomper- (672.) 

perature amonots to unity. ature, — an indefinite solid bounded by three infinite '» "■ '"S- 

(669.) Aeeount ^ the Thiorie AnalytiqHe d» la Ckalemr. plane* (two of which, B, C, an parallel, and the third, '"** *°""- 

nioritl - — "^^^ problems considered by Fourier in his Tkiorie A, perpendicular to both) having determinate tem- 

■tyiifiH d< AruUytique, refer principally to the prop^;ation of peratures, — requires the introdacdon of m species of 

laCkaUur. heat in homogeneous conducting solids of definite analysis, in which Fourier acquired great dexterity, 

forms, and in some easel maintained in certain parts but which is of so subtle a kind as to have created 

at fixed temperatures. doubts in the minds of the committee of the Institnte 

(670.) The number of examples folly worked out is very to which the Memoir was referred, uid to have been 

^^'^^^ small, but they may be referred to the following a source of some controversy and much discussion 

•oWfd by classes: — (1.) When somepartof aiolidhasaninde- since. Fourier cootrives to express, by an infinite 

Um. finite source of heat applied to it, the remaining sur- trigonometrical series, the law of temperature in such 

face being exposed to the air, or having determinate a solid, which shall not only satisfy the difierential 

temperatures maintained at certain parts. In this equation of the equilibrium of heat, bnt also the 

case, the state of the solid in regard to heat is per- conditions of temperature at the bounding planes, B 

sMnmt, or independent of time; and the problem is to and C, which being zero by the problem, the value 

assign the temperature of each part; and the flow of of the temperature which, up to that point was finite, 

heat through that part in a given direction. (2.) To suddenly comes to nothing, and has no value beyond. 

assign the temperature of every point of a solid pri- This problem leads to a long digression on the pos- 

nitively heated, either nnifiirmly or after any assigned sibility of expressing by trigonometrical series, quan- 

law, and at any given moment. (3.) To solve the tides which vary according to any conceivable law 

last qnestion only in the ease where the cooling at the and of determining the co-efficients of the successive 

surface has been going on for*an exceedingly long powers of the sines and cosines employed. The 

time, theorem to which Fourier is led, in which any funetioa 

(671.) Ofthe first class of problems, the slender bar heated of s is expressed by a series of definite integrals, in- 

toadiooi^ by a constant source of heat at one end, and exposed eluding sin m and cos z, is known by his name, 

of heat In a to the cooling influence of radiation and of the air, The problem, however, which Fourier moBt elabo- (673.) 

■iMidar which had been treated ofby Lambert, is the simplest rately treated, belongs to the 3d and 3d class, — Ho*en>Dt 

and most important. The temperature of any thin namely, the cooling of a sphere primitively heated °^^^ *" ' 

1 Let F be the flui of beat mcunred ai above, E tbe cotutant of interior eandacUvIt^, x an oldlniits meamred acroa* tba 
tbickoeai of the plate, and V be temparatnre of the etraturo of irblch t li the ordinate; then F= — K — ; In the parmanent 
Mate the tempeiatura Tariea nnlfbrmlf from atratQU lo etratam. Wben the thiekneae and differanea of temperature both are 
•qoal to oDlty, E=F. The axprattlon ?= ~^ jT maalfeatly azprenea tba Sawtonlan Law, Interpieted bj Fourter ai 



stated above. 
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in a {[iveii my, but to ih&t points eqni'diitant from that the prt^ression of temperatnre is verygradnaliy 

the oentre have a common temperature.' It might and slowly cUaturbed. 

bo expected that the symmetry of the conditions vToald Appliaation to the Thermal eondition oftheBarth, (SIS.) 
admit of a simple solution ; and such indeed was — ^TUs last case has been discussed by Fourier with Applks^ 
aonght by Professor Flay&ir long before, in a paper great address, relatively to the present condition of ||*" "Lj- 
in the Edinburgh Traniaetiont, with reference to Geo- the Earth, considered as a mass which has been once clplM to 
logical Speculations. It was, however, by no means at a high temperatnre, of which we have evidence tlie ther- 
snfficiently general. It is shovn by Fourier, tbat inthegenaralincreaaeofheatas wedescendinmines,^"?"!' 
even in the simplest supposable c«se — that where the or when we penetrate its crust by Artesian wells. g,^_^^ 
temperature of the sphere was originally uniform — The surface of our planet receives a large amount of 
the resulting expression for the temperature of any heat annually by absorbing the sun's rays, but parts 
stratum at any time, though capable of algebraic ex- with it by radiation into &ee space, to an extent which 
presiion, cannot be assigned in finite terms, and no preserves a sensible uniformity of temperature from 
attempt has been made to evaluate it generally. The age to age. The considerations connected with the 
specif oases which have been considered, are when subject are these : — (1.) The proper heat of the earth, 
tite sphere is extremely small, or has been cooling and how much heat reaches the snHace from the 
for a very long time. (perhaps) still incandescent interior ; (2.) How much 
(674.) The extreme complication of even such apparently heat do we receive from the sun, what share of it 
Boom* of ,iniple cases when solved in all their generality con- enters the surface, and how far, and according to 
don Id tlM ''^^' ™ ^^^h ^^t the flow of heat across each part is what periods does the infiuenee of the seasons extend 
Pratdvm of in fact dependent at each instant on the state of heat below the surface t (3.) What is the amount of re&i- 
UMSphn.jg each other part, and this distribution of the whole geration of the earth's surface t — how does theatmo- 
M equally unknown with the local distribution on sphere afiect it ? and, if the cooling be due entirely 
which the movement of heat in each part depends, to radiation, what are we to set down for the tetnper- 
To this must be added the peculiarity of conditions ature of tpace, so as to account for the heat lost 7 
at the surface, where the temperature undergoes an Firgt, As to the proper heat of the globe; Not to (ST0.) 
abrupt change. The law according to which the su- go further hack than the last century, the incandes- F'!'!'^'' 
perficial particles radiate heat, is also difierent from oence of the earth's nucleus was assumed as very pro- g^]„ . 
that according to which they receive it from the in- bable by Bulfon and other popular writers, and their 
terioT, When a body uniformly heated to a consider- opinions were, on the whole, confirmed by the pro- 
able temperature cools in air, ^e subtraction of heat gross of observation. The existence of volcanoes was, 
from the suiface commences with great rapidity, the of course, an obvious argument ; another was, that 
excess of temperature of the superficial particles being if the earUi were once hot it must be still cooling ; con- 
very much greater than it ever can be afterwards, sequently, climates are continually becoming colder. 
The drain of heat from the interior of the sphere is especially in the Arctic regions, which it was supposed 
at first nearly imperceptible, "nie exterior cooling depended most on the supply of heat from within. In 
will by and by become slower; and the degree in evidence of this change were qiiotcd, not only tbe 
which it takes place, will depend upon the rapidity remains of elephante found interred with flesh and 
with which the conducting maf s of the sphere is able skin in the midst of Siberian ice, but also the un- 
to supply fresh heat to the surface; then the rate of equivocal proofs, so well known to geologists, that 
■uperHcial cooling will become relatively somewhat at a period indefinitely more remote, tropical plants 
accelerated, and a fresh drain will take place from of gigantic growth, and animals of a class which now 
the interior towards the sur&ce. It is only in the frequent only southern seas, i^)pear to have lived 
ease of exceedingly small bodies, or those of an in- and flourish^ in high northern latitudes. But even 
finite degree of conductivity, that the body will cool in the time of Buffon, attention was directed to a fkct 
according to a simple law. In all other cases, there yet more important for the theory of heat, namely, 
will be characteristic periodical inflections in the the increase of temperature observed in deep mines. 
eouTM of cooling. These, no doubt, are represented Notwithstanding many sources of doubt and confu- nuilftatrd 
in Fourier's series, if it could be numerically calcu- sion, such as the heat from candles, and from men at ''/ **" 'j' 
lated ; and it is to be desired tliat some attempt were work in mines, irom chemical changes in some cases, it„( [g 
made to represent it approximately. When the cool- and firom the increased density of the air, the fact of idIbm. 
ing has endured for a very long time, these gushes the increase is now well esteblished, and also its 
of heat cease altogether; the surface has attained rate of {nvgression with more certainty than in the 
nearly to the temperature of the surrounding space, time of Fourier. On an average (including the best 
and Ute drain of heat from the interior is so slow, data of all, those yielded by Artesian springs), the, 

I The prablam of tha Armff or ring, bwtod kt dim or iSTanl point*, U ona wblch offan oooiiderablg facllltlM for Iti nlutlDii, 
knt tha raanlU an of llttla uUlity, (ha fonei being •» peeoIiaF ; and eren ai a teat of theory, the Tarlatloni of tampantara ftom 
point to point an Inraffldent nnder the limited mndltioni in which the numerical eolation la practicabls. 
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increase appears to be 1° Fahr., for 50 or 60 English Secondly, As to the effects of the sun's heat on (679.) 

feet of descent Fourier first undertook to enquire, the earth. It has been already stated that Fourier ^'^'^ 

Whether, supposing the earth to have no primitive showed that belov a moderate depth, the heat of the hMton tb* 

intemal heat, the continual action of the sun might earth would bo uniform and invariable, so far as solar urth. 

not produce the iucreasing temperature observed, radiation is concerned. At smaller depths, it will 

But be found, on the contrarj, that there is no such vary according to the season of the year, aud these 

tcndtsncj, and that after a long time, the temperature variations will at all depths be gone through in the 

at any moderate depth below the sur&ce (but be- same period with the variation at the surface, which, 

yond the varying influence of the seasons) will bo is of course annual, but the inflections follow a pe- 

Gonstant. Now, observations on the temperature of culiar law in each latitude and climate, and even in 

mines and Artesian springs extend to the depth of one year compared with another. Within the depth 

1700 English feet, and the influence of the seasons to which the inSuence of the seasons extends, the 

is usually quite extinct (in this latitude) at 50 or 60 amount of the range of temperature continually di- 

feet The nearly uniform increase beyond is there- minishes, nearly in a geometrical progression, and at 

fore due to a source of heat within, or, what amounts length it becomes insensible. At increasing depths, 

to the same thing, to the relatively warmer state of the periods of maxima and minima are continually 

the nucleus. The analysis of Fourier shows, that retarded, so that at a certain depth, the earth is hot- 

the variation of temperature in the successive strata test in winter and coldest in summer. A smaller 

of a sphere, cooling with excessive slowness, is very flnctuation of the same hind, and penetrating to a 

closely allied to the flux of heat which passes through smaller depth, follows the diurnal range of tempe- 

it, and which is spent by radiation or otherwise at the ratnre. The manner in which these interesting pho- 

It* iDtfimi- surface. The result is exceedingly striking, and may nomena are connected with the conducting power and 

*°*2j^"'be considered as remarkably well established; the specific heat of the earth's crust, was clearly pointed 

' flow of heat from the interior contributes to raise out by Fourier, 
the temperature of the surface by only one seven- Before as well as after these theoretical investi- /ggoj 

teenth of a tie<ire» of Fahrsaheit ; or would melt an- gations, observations on thermometers sunk to dif-^Moiy 

nually a stratum of ice ^gth inch in thickness. This ferent depths in the ground had been made, and the«>nipu«d 

is all tlie refrigeration which the earth's surface can results confirm these conclusions of theory in ^''^^^^^ 

ever suffer on this account, and in its present state respect. Such observations were made by De Saus- 

of cooling, it would take millions of years even to sure, Leslie, Arago, Quetelet, and other experimen- 

reduce it by one half. So little ground is there for ters, including the writer of these pages, who caused 

the belief of Buffon and his friends, who imagined careful experiments to be made for five years, on 

that the destruction of animal and vegetable life must three sets of thermometers, placed in different kinda 

rapidly ensue by reason of the diminishing central of soil and rock, extending to a depth of above 25 

heat. feet. By means of these, the conductivity of those 

(''^^0' Again, the depth to which we must descend in various soils was determined with accuracy, and data 

tln*<Dld order to reach a temperature snlScient for the supply afforded for subsequent enquiry.' 
uodaos. of molten lava, is not excessive: for this depends Amongst the most interesting enquiries connected (6Sl.) 

entirely on the conductivity of the earth's crust, with this subject, is the total quantity of heat re- Totslqun- 
which we know to be very small. A familiar in- ceived in a year from the sun by the absorptive yj"^™ 
stance occurs in streams of recent lava, where a crust action of the earth's surface ; but this does not ap- ^j,, ,^^^ ' 
soon forms, on which a man may walk safety, yet pear as jet to have been successfully answered, ftam th* 
only be separated by a foot or less from the fiery Nevertheless, M. Pouillet, from merely experimen- ■">■ 
liquid. Fourier calculated that the temperature of tal data, considers that he has proved that the 
incandescence may prevail at a depth within the amount of solar radiation which reaches the eanh 
earth of only about 16 English miles, without affect- would melt in a year an average thickness of 31 
ing the superficial temperature by more than a small metres of ice, all over its surface, provided that it 
fraction of a degree. were entirely absorbed. FoisBon has obtained a re- 
(678.) As it seems scarcely possible to ascribe some, at suit four times less, and estimates the effect of the 
^^JJ^ least, of the geological effects already mentioned to a sun in raising the temperature of the climate of Paris 
chuig* at cause of which the variations are imperceptible in at 24 centigrade degrees, a result incredibly small. 
cllmaM. such TOst periods, other writers have suggested dif- Thirdly, On the temperature of space. Fourier fBoo\ 
ferent possible explanations. One which appears to was proluibly the first who introduced this idea into Th* tan- 
have considerable probability, is that of Arago, that science. The term perhaps is a doubtful one and peratun tf 
the heat emitted by the sun has a secular rate of liable to misconception, but the object of the enquiry ■P*''— 
change; inother words,thatoursunisavariablestar. admits of being precisely stated. The researches <^ 

■vi., whsra a history ii giian of tha oburrstioni prevlouilj 
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Dulong and Petit^ upon the cooling of a body by knowledge. In the opinion of many persona, it is to 

radiation only within an envelope baving a tern- be desired tbat some at least of the problems of con- 

perature lower than itself, include, as a particular duction were treated in a somewhat difiterent way, 

case, tbat in which the body receives nothing from and approximations obtained by the application of a 

the envelope, — when the relation is entirely that leas atutruse calculus. But towards this desirable 

of loss without any gain ; and yet the cooling pro- result, little has yet been done. 

ceeds with a finite velocity. It could not with any As a pure matfaematiciaD, Fourier occupies a (686.) 
propriety be said in such a case, tbat the tempera- distinguished rank. His conversion of functions of^^""** 
ture of the space in which the body cools is in- every kind into series of periodical quantities — hisgn pore 
finitely low ; it cannot be said to have any tempera- treatment of problems, involving discontinuous laws niktbanui- 
ture at all. — ^liia solution of higher differential equations — arc ^'^ 
(883.) Now, in the case of onr globe and its atmosphere, all important additions to analysis, to the improvement 
defined by we have a heated masB, suspended as it were, in space, of which, aa he has himself very justly observed, 
Fourisr. jf there were no other bodies in the universe, the earth physical problems are ever the most important ave- 
must by degrees lose its heat. We know indeed that nues. Such considerations as Fourier treated of 
it is cooling. The proportion of its native heat an- could hardly have entered into the mind of a mathe- 
nually emitted, would melt a crust of ice j^th inch matician not guided by a specific physical enquiry, 
thick. This heat is dissipated In space. It may His favourite subject of the solution of Numerical 
therefore be enquired, whether a sphere of known Equations, whichbroughtfortlt hisfirst essay — which 
conducting power and of known temperature at the occupied him even on the banks of the Nile — and an 
surface, is parting with its heat to space at a rate elalrarate work on which was almost bis last addition 
which supposes it to radiate without any requital, or to science, — is of course one of leas general interest, 
whether it receives from spoce (or the bodies which Uis experimental abilities, as we have said, were (686.) 
apace eont^ns, independently of the aun) any portion not equal to his mathematical ; and it is to be re- 'i'pwl- 
fk the heat which it thus dissipates. To solve thia gretted that his ediemea for several practical appli-g'^j^ 
question, we must evidently know with great accn- cations of theory seem to have been left imperfect, 
racy the radiating power of the surface of the earth. He inventod a Tfaennometer of Contact, an instrument 
than which, unfortunately, no datum is more com- for determining the conductivity of bodies, which is 
pletely uncertain: and the influence of the atmo- but little known or used, and of which the theory 
sphere (which is truly a part of the earth) renders the was left incomplete. He also joined Oersted in ex- 
solution still more indeterminate. It is not known periments on Thermo-EIcctricity. He studied with 
what method Fourier took to arrive at a numerical great care the principles on which his theories were 
result, but it is well known that he obtained it in a based, and seema throughout to have desired to leave 
way which appeared satisfactory to himself, and that no doubtful step in bis reasonings, nor to make any 
ho often referred to it. He supposed the " temper- tacit or unproved assumptions. His compositions 
atare of space" to be 60" or 60° below zero on the are minutely clear. To them we might apply the re- 
centigrade scale, and believed he did not err in fixing mark attributed to Voltaire—" Whatever Is obscure 
it by more than 8° or 10°. By this we understand, is not French." If there be obscurity, it is only due 
that after infinite agea, the earth, or any other body to the abstrusenesa of the aubject, not to the manner 
placed in the same situation and previously heated, of conveying it. 

would attain this temperature and no loner. Fourier succeeded Delambre as Secretary of the Ma- (VST.) 

, thematical Claaa of the French Academy of Sciencea, HU dMih. 

(684.) '^'" slight sketch gives an Imperfect idea of the and wrote several Ehgtt. He died no the 16th May 

extent and originality of Fourier's labours. But 1830, generally respected, 
enough has been said to show, that he must rank 

amongst the most considerable philosophers of his We will here, in a few words, comment on the (688.) 

day. That he excited the jealousy of the great ma- subsequent progress of the subject of the Conduction .'^._. 

thematical geniuses of the previous generation, and of Heat 

that his new train of research, though fully accepted Whilst Fourier'a papers were still in the archives (689.) 

by those who succeeded him, has as yet received but of the Institute, they were consulted by Poisson, who P""""* 

slight extension at their hands, ore facta which con- published solutions of several problems based on 

cur to prove his originality and merit. That he Fourier's principles, and coinciding in resalt with hia. 

did not solve more cases of the propagation of beat. As the analysis used was somewhat different, the 

and that some of bis solutions are so complicated coincidence in so new a subject waa not without im- 

as hardly to be auch in a [osctical sense, show only portance. In 1836, the Theory of Heat of the same 

the extreme difficulties of a subject which touches author appeared, based on the law of cooling, dia- 

every where the boundaries of existing mathematical covered by Dulong and Petit, which Poiason, with 
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nnaocoan table ^et characteristic rulineHs, chose to suggeited, that the reanlta of the Newtonian lair of 

oonaider as applicable to the commuDication of heat cooling ma/ be used in eomhinadoo witK Bach an 

from particle to particle, aa well aa to ita disaipa- hrpotlieBiH aa to the relation between qnantiities nf 

tion from the suifacea of bodies. Bat the result was heat aad tha temperature shown bj an air Uienno- 

worthyof thelooaenesa of theasanrnptiona; theterms meter, as will reconcile it with Dulong's law. But 

arising from the peculiarity of Dulong's law are there is reason to think, that intonal eondnctivity 

mostly dispensed with as the inyeatigation proceeds ; varies with temperature in the rev«rie manner of ex- 

and the whole work is to be regarded raOier as a temal cooling ; in other words, that it diminislies as 

mathematical ezercitation, than as a serious step in the absolute temperature increases-* 

physics. Having elaewhere recorded a criliciflm on MM. Duhalnel and Stokei haye considered the (6fll,) 

that part of Poisson's work which treats of tha Heat propagation of heat in bodies which do not conduct it Cmb of 

of the Globe, I shall not dwell farther on ita defects. * uniformly in all directions ; and their investigations ||^^ . 

(690.) Professor Kelland has published a work* — ^the only are very interesting in connexion with the b«tutifdl noteoadnct 

Kc^lud^i °"^ intended for students — on this subject, and he has observation of M. de Senannont, that such is the case beat nnl- 

TStorf of likewise made a valnable report to the British Asso- in crystallized bodies. It is eauly shown in a plate ^^'^ *" 

B*M. dation, on the best means of comparing the Matfae- of gypsum eoated with a thin layer of wax, to a smaU oim^ 

matical Theory of Heat with Observation.* He has part of which heat is applied. 

g 7- DirLOHQ. — The Law of Cooling — Progreat of the Science of Radiant Heat between LeeUeU 
and Melloni't Ducoveriee ; tranmuuion of Radiant Heat through Otaee. Herscbel ; Do la 
Koche ; Professor Powell.— fAeory of Dew ; Weill. 

(692.) The researches of Leslie on Radiant Heat, though also a most excellent chemist ; and the honour of 

.Sabjtotof very generally appreciated both at home and abroad, being discoverer of the moat tsrrifie of fulminating 

^l*"* were not, on their publication, immediately repeated componnde (chlormcet of aaote) was purchased by the 

inmad. t"" extended. On some points they were seriously loss of one of his eyes. But his ezperimcBta on 

controverted. But the labours of most of his imme- Heat are those by which he will be longest remem- 

diate contemporaries, of whose names we have given bered. Tha moat important series of these was d»- 

a few at the head of this section, wen rather prepa- voted to a rigid examination of the amount of heat 

ratory to the fuller developments of a later time— to radiated under different drcum stances, and <^ that 

be made with improved apparatna — than demon- dissipated by the contact of air. 

strated discoveries, I make an exception, however, Thelawof CooUng. — IthadbeensnggestedbyNaw- (8U.) 

with regard to the experiments of Dulong and Petit ton, and tacitly admitted bynearly all writers on beat, Dnlong 

on the laws of simple radiation and of the ooAling including the most eminent, that simple radiati<Mi (or ?^1,^*[L 

of bodies by the contact of gases, not only because puitation, in the langui^ of Leslie) takes place in di- BtwtoalM 

they established propositions quite new in an incon- rect proportion to the exceaa of temperature of the hot law of 

trorertible manner, but also because they introduced body above the surronnding spaoe. Martina, and pai^ oooUag. 

into this branch of science a mode of investigation so ticularly De la Roche, had indeed thrown doubt on 

delicate and precise, and methods of reduction and the subject, and had rendered it probable that at high 

of physical analysis so beantif\il and convincing, as temperatnm the velocity of oooling(whichia propor- 

placed the whole science of Hoat on a new footing, tional to^e radiant energy) is considerably greater 

The main credit is due, we believe, to Dulong, who than Newton's law aupposes. Duloag and Petit, 

was one of the most estimable and accomplished phi- however, first demonstrated this. They diaengognd 

losopbers of his time. the experiment as far as possible from the influenoe 

(fits.) PiBaKB Louis DuLOMO was born in 1785, and of the contact of air, by using the most psrfcot ex- 

^''™"F~ showed precocious talents. He was admitted to the haustion which the best air-pumps could produce; 

ohnnlit. Polytechnic School at the age of 16, and rose through and it appeared very plunly frY}m the result of ob- 
every grade of that celebrated institution until he servations mode under successive d^rees of rare&o- 
became " Directenr des Ktudes." It is superfluous tion, that instead of there being the slightest appear- 
to say that hewasagood mathematician. He was anoeofradiatioaceaaingtotakeplaoewheatiievehiola 

> See Second Baport on Mctaorology, BrU. Am«ic. Stpvru, 1840. 

■ litorf ofHtax. Cunb., 183T. ■ Brit. Aaoe. JUporU, 1841. 

* Tbli kt leut ii the resatt of aa eiperimentBl inTMtl^tlan bj mynlf od tha condacldTitj of iron, ciecatsd on a princlul* 
whlchlbeUare tobenew, bat whlehlhsveDot ]>et beeDKbletopBbllsb. If r Air; and Profeaor Kelland are each io pOMnalDB 
of tba DDtliaaof my method; and tha reanlt noted In tha text wai brlc6 j annooaeed by me to tha Stpvru oj IM BritiA Au m ia ti vt t 
fcr 1B99. If i|<7 b«ltb pennlta, I shall reeame and publiah these aiparlmanta. I nay hare add, that J potnled out In 1S3^ 
troat (oma aiperlmenti which I made at tbtt time {Fnettdirtgi o/ lU Royal Sodtly of Edinburyk, vol. i. p. B], that tha netal* 
nDge In the »ina order aa conducting ot Heat and of EUectrlcity ; and thii lav tppeart to be aaoflnned bj more recent obae r- 
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of lur WM absent, the inflnenoe of the latter became is 5*707 : 1. Assmsing this last principle, and alao 

leas and less perceptible. that the cooling dne to the contact of air u indepen- 

rS96.) The priacipal apparatus of Dniong conaieted of a dent of the surface, the law of cooling in vaevo ma^ 

Their kp- balloon of thin copp«rabout afoot in diameter, coated be dednoedfrom theobBerred cooling of two thermo- 

^"""^ internally with lamp black, and placed in connection meters suspended in air, and having glass and sil- 

with an air-pump, ho that any portion of atmospheric vered surikces respectively. Dulong and Petit fbond 

air conid be extracted up to about |g^ of the whole, that, when they analyzed their experiments In this 

and any other ^as could be introduced into it. The way, they obtained valnes for the radiation in vacuo 

temperatnreofthe ballooD could benicely regulated by almost absolutely coinciding with what direct experi- 

introduciug it entirely into a water trough. Into the ment had already given. No more perfect criterion 

centre of the balloon, thermometers of diCTerent sizes, could be desired of the soundness of every link of the 

or having different kinds of surface, could be intro- chain of experiment and induction. 

duced. The temperature of the balloon having been We shall not analyze Dulong's other memoirs. (£98.) 
first regulated, the thermometer under experiment They regarded matters in the science of Heat requir- ^^^" '°*~ 
(being itsolf the radiating and cooling body) was ing the same skill in devising apparatus and in mani- Quiong qd 
heated nearly to the boiling point of mercury, and pulation, the same caution in eluding errors, and the the Uwi 
inserted in the balloon so as to occupy the centre of same just principles of calculation as in the investi- *""*'• 
it. The exhaustion and other arrangements being gationa already spedfled. They did not, however, 
made, the observations on the rate of cooling of the lead to the discovery of laws so striking and so ge- 
thermometer commenced when its temperature was neral. They included the very delicate and difficult 
.as high as 260° or 300° centigrade, equivalent to 482° subject of the laws of the thermal expansion of 
and 57'2° Fahrenheit. bodies, particularly that of air and of mercury, which 
.jo.j With respect to simple radiation, or when the were applied to the theory of the thermometer, the 
roollnB'oot**'**^* of air in the balloon is estimated as nothing, very basis of all exact knowledge in the doctrine of 
(imply u the inaccuracy of the Kewtonian law was soon ap- heat. Another referred to the specific heat of theBpecifte 
th« axem* parent. Whilst the excess of temperature of the gases, an enquiry of the very greatest difficulty, in ***" "^ 
*" cooling body above the envelope or balloon remained which we still find physicists disagreed. Dulong 
constant, and the absolute temperature of both was bethought himself of using Laplace's celebrated cor- 
made to vary, the velocity of cooling, instead of rection for the velocity of sound due to the heat de- 
being constant, increased rapidly with the tempera- veloped during the compression of an elastic medium 
tnre. Thus the excess of temperature being in every (art. 43S), and proposed to deduce the heat thus 
case 200° centigrade, and the temperature of the developed, by a comparison of the observed and theo- 
bal loon being ... 0°, 20°, 40°, 60°, 60°, retical (Newtonian) velocity of sonnd, and thence to 
the rate of cooling was 7*4, 8-6, 10-0, US, 13*4. obtain the specific heat. The theoretical velocity ia 
The whole of an elaborate scries of observations was easily obtained &om the density of a gas undra- a 
beautifully and satisfactorily represented by a for- given pressure : the observed velocity was ingeni- 
mula admitting of this simple physical interpre- ously found by sounding one and the same organ 
tation, viz., that the cooling of the thermometer is pipe vrith the different gases in succession, and ascer- 
the difference between the heat which it parts with to taining the pitch by the aid of Cagniard de Latour's 
the envelope and the heat which it receives ,^wn the Sirine. (441.) 

envelope ; and that the heat thus parted with, either One of Dulong's latest, moat elaborate, and most 1999.) 
by the thermometer or the envelope, varies in a geo- usefiillabonrs, wasasoertainingtheelastici^ofhigh-^^"'**' 
metric ratio with its temperature.* pressure steam in terms of its temperature. These M«un. 
fSST.) The effect of contact of a gas in coolii^ the tber- experiments were carried as far as 24 atmospheres 
^''^'°' mometer is more complex. It is independent of the of pressure. In the course of them the law of Ma- 
ktron tha tu^'*' o/tAe«ur/ac«, as Leslie had already supposed, riotte and Boyle was verified up to the same limit. 
rata of The cooling power of a gas is proportional to a eer-- The condensation of air was found to be exactly pro- 
oooliDg. loin power ofiti elcutieity, wkieh vanat for each; it portional to the pressure. We shall return to the 
takes place more rapidly in hydrogen than in any subject of these later experiments of Dulong in men- 
other known gas, which was likewise discovered by tiouing the still more recent ones of H. B^^ault. 
Leslie. It also comes out rigorously, that the ratio Dulong was tmfortunately lost to the world at the (TOO.) 
of the radiating power of different tarfaee* it the tame comparatively early age of 64. His was the peculiar ^'^^^'^ 
at aU temperaturet. This ratio for glass and silver merit of a well-balanced acientifio mind. He ftlt 

• niu ■ymboUeally sxpreMad''^ FsBt^a'*' — a y, 

wh*T« F k the " velooitj of sooling," or d«pT««tiHi of the UnrraomatM' tn oantigrade degrees la oae mlnats, eappoelag tt to eon. 

Hnae eonetent for lo loDg; i li the temperetnre of the enTelope; t + I, that of tiia themoafltar ; a ie > oouituitltidapendantaf 
the ilM and •orfbce of the oooling body, uid wbleh U = 1-0077 ; m li e cooituit depending on the dlmeniloDt end inrfeM tf 
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the necessity of introdncmg into physics &d^;ree of on the tninsmissioa both of solar ondfire-lieatthrongli 

precision then almost unthonght of. Coidotnb hud diAerent kinds of glass and other bodies. But they 

done something of the kind in other branches ; but were rough trials, giving a sort of practical test of 

in Heat it was really new. It was speedily succeeded this quality, rather than admitting of accurate esti- 

by a rapid advance of precision in t^most every kind mations of the quantities of transmitted heat. It 

of delicate experimental research. Nowhere can was impossible, fur instance, to infer from them the 

the student of physics find a better model than in degree in which the warmth induced in the glass or 

the celebrated memoir on the Law of Cooling, which, other medium by the heat which it absorbed, tended 

we may add, received, as a matter of course, from to raise the indications of the thermometer beyond; 

the Academy of Sciences, the prize in competition although such an eSect was manifest from the re- 

for which it had been composed.^ It is only justice snits of the experiments themselves. Hence it was 

to the countrymen of Dulong to say that they retain open to an objector to deny the direct transmission 

the superiority in the deduction of numerical laws of radiant heat through such bodies as glass, except 

fix>m observadoa, which Coulomb and he conspicu- in the cases of the sun and of brilliant combustion, 

ODsly exemplified. The industry of the Germans and when it cannot he doubted. 

of the Engluh have indeed been great ; but in this Frevost had proved to his own satisfaction the ^04.) 

particular enquiry they have not equalled in address immediate transmission of heat derived from bodies ImporUnt 

the members of Uie fVench Academy. even when below the temperature of visible redness, '^''^'.f 

by using thin screens of glass, and renewing them oe U 

(TOl.) In order to complete our sketch of the more im- frequently before they could have absorbed much Roche on 

portantstepBConnecting thediscoveriesofLesliewith heat. Maycock obtained a similar result; but ^^fV*"''. 

those of Melloni, we will now, going back a little in Ds la Bochb is due not only the establishment of ^^^^q^ 

point of date, trace the origin of correct experiments this lact beyond any reasonable doubt, but also the hut 

on the immediate transmission and refraction of heat discovery of certain laws of its operation which are throagh 

hj solid substances. inexplicable on any other supposition but that of ^ 

(702.) Sir William Herschel having found it requisite in immediate transmission. One of these laws, for in- 

'*'***'?!» *^^ course of his arduous observationB on the sua to stance, was this, that when a series of thin glasses 

w"!!!!^ devisemeansforpreventing theintense heat ofitsrays are interposed between a source of heat and a ther- . 

Khel on from reaching the eye, was naturally led to observe the mometer, each successive glass transmits a larger pro- 

the hut of effect of different coloured glasses,and even of coloured portion than the previous ones of the heat which falls 

'bbc^^ liquids in this respect. He also placed thermometers upon it De la Roche rightly accounted for this sig- 

in different parts of the spectrum formed by a prism, nificant fact by assuming that heat is not homoge- 

in order to discover which of the rays it tvas most neons, and that the heat which has once passed 

important to exclude. The singular result at which through glass has lost the rays which glass most 

he arrived was this, that the intensity of heat accom- easily intercepts. He farther found that the sus- 

panyii^ the light of the sun not only increases from ceptibility of heat to pass through glass increases 

the violet to the red end of the spectrum (as was rapidly with the temperature of its source. The 

already known), but is more intense quit« beyond experiments of De la Roche date from 1812. 
the red, and gradually diminishes in force for a long The nest step was made by Professor Powell of (Tos.) 

wayfarther. This result was keenlycontasted by Les- Oxford (1825). He showed that the quality of the frofoHor 

lie,butwaBconfirmedbyBngIefieldandDavy. Berard heat transmitted by gloss is not the same as that ^* 

admitted the existence of invisible heating rays from of the incident heat. This he proved by ascertaining 

the sun, but yet found the maximnm effect within the proportion of heat absorbed by a black relatively 

the red. Seebeck, by numerous experiments, proved to a white surface. This proportion was invariably 

that the position of the ntaximvm depended on the increased by the interposition of glass. Mr Powell 

nature of the prism, being found even in the yellow concludes that heat consists of two kinds intimately 

ray when a prism of water is employed, whilst with mixed. That of which the absorption depends on the 

flint glass it always occurs in the space beyond the colour of the surface on which it falls, is usually 

red. The rationale of this curious result was first luminous, and is most easily transmitted by glass. 

discovered by Melloni, whose labours will be detailed That kind of heat which is equally absorbed by black 

in another section ; and it was shown to depend on and white surfaces is totally devoid of light, and is 

the difibrent degree of aheorptioD exercised on the heat somedmes considered as pore radiant heat, 
of the several rays of the spectrum by the differing It will be sufficient here to refer to an interesting (706.) 

material of the prisms. Esgay on Dew, published by Dr Wells in 1816, in WrtU* 

oa'^ Herschel made a very great nnmber of experiments which he applies Leslie's experiments on the radiadng ^"^ 

parimBDts. i 

1 At Uit origliul Jft-ptt of Dnlong and Petit, in tha Memoin of the Initituto, or the Anmiitt d< CSimU, U not alirafi kcCM- 

sible, I mkj mention that It 1> tramlkted klmoat or qaite in Mtnuo in thomson't Jaiuilt o/ PUloMcpl^, tol. xiii,, snd in 
Mr lioDu'l ■loallant trutlie on Hut In tin Xntyeivptklia MMntpoUtatM. 
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power of different surfaces to aecoant tor the app&- betow the " dew-point," by thor nnreqnited radiation 

rently capriuoua formation of dew in different sitn- of heat towards a dear sky. A slight wind, by con- 

atioaSi^-establishing that it is moisture deposited tinually restoring the eqnilihrinm of temperatnre to 

from the lowest stratum of air upon surfaces cooled the sur&ce, prevents the deposition. 

% 8. Mellosi. — Recent RUtory of Radiant Heat — TransmUiion and Refraction of Heat ; Pro- 
pertiea of Scat analogous to Colour. — Experimentt in Great Britain on the Polariration 
and Double Refraction of Heat. 

(707.) •fQg length to which this chapter has already ex- the proof of the instantaneons transmission of heat 
MTii^^NiV tended, mustbe my apology for bringing concisely to a through glass and other solid and liquid bodies, 
onndiuit conclusion what remains to be stated regarding the From 1831, this enquiry was conducted nearly (711.) 
!><•'• progress of the subject of radiant heat. With the ex* exclusively by Melloni, who about that time settled Mdlonl 
oeption of the excellent researches of De la Roche on first in G«ieva and then in Paris, having been com- ^^In" 
, the immediate transmission of radiant heat through pelled, on political grounds, to quit Italy. His first derfol 
glass (mentioned in the preceding Section), but which and most important original memoir was presented tnui- 
that ingenious phi1oso[dier did not lire to extend to the Academy of Sciences early in 1833, and wM^^^^St"^ 
and complete, little of importance was done between received with marked coldness, if not incredulity, by f^ ^^^^^^ 
the researches of Leslie and those of Melloni, of that body. A few months later, the writer of these 
which we are now to speak. pages had an opportunity of semng Melloni's ex- 
(70S.) Macbdonio Melloni, a native of Fanna in Italy, periments in Paris, and be niade known their im- 
Hclloni— liecame associated as an experimenter, probablyabout portance at the immediately succeeding meeting of 
eUmu^o-tl*^ year 1828 or 1829, with Nobili, a skilM and the British Association at Cambridge. The Royal 
bill. ingenious physicist of Beggio (Modcna). N^obtli Society of London in no long time awarded their 
was well known by his experiments on galvanic Klec- Kumford medal to Melloni, alter which mark of 
tricity and on Electro- Magnetism. He was also the foreign approbation, he first obtained a hearing 
great improver of Schweigger's Multiplier, rendering from the Institute of France, The most consider- 
it an instrument of precision ; and to him we owe the able result at which he had then arrived was this : 
happy and ingenious application of Thermo-Electri- that rock-salt possesses a power onapproached by 
city to the measurement of minute effects of heat. any other substance of transmitting heat of any 
(709.) The THERMO-MnLTipLiBa.atbermometerof extreme temperature and from whatever source, with ex- 
mt^muiti- delicacy,though improved by Melloni, was pashas just tremeiy little loss; and as a natural consequence of 
plier, ma been stated) ^e invention of Nobili. It consists of this, that heat wholly devoid of luminosity, such aa 
lD*triunent two portions, a sentient part and an indicating part, that &om boiling water, or even the heat of the hand, 
''"••'"''■Thefirstiscomposedofanumberof short thin barsof maybe refracted by prisms and lenses of rock-salt 
antimony and bismuth, arranged like a square faggot, exactly in the same manner as light is refracted by 
pairs of bars being soldered together in consecutive glass. The reality of these effects (which had excited 
order at the opposite ends of the faggot, BO aa to form the persevering sceptidsm of the Parisian tavant) 
a single bent metallic conductor. If the junctions was demonstrated by a great number of most inge- 
ezposed at one end of the faggot are subjected to nions experiments, in which every possible source of 
heat, and those at the other end kept cool, the effect error and confusion was avoided or allowed for. 
will be a thermo-electric current of considerable in- Melloni even believed that the loss observed in (712.) 
tensity generated by the pile. This current is con- passingheatof any temperature, high or low, through 
veyed by means of two wires fVom the opposite ends polished screens of rock-ealt, was precisely the same ; 
of the system, which are connected with a delicate and, moreover, that it occurred entirely at the two 
galvanometer which forms the indicating part of the surfaces by partial reflection, so that the solid me. 
apparatus. In practice, one end of the pile, armed dium was absolutely tratuparent for every kind of 
with a conical reflector for concentrating the rays of heat. It is certain that the loss is in every ease 
heat, is exposed to a calorific source whose radiant small ; but this almost paradoxical conclosion has 
efi^ is to be measured, whilst the other end is care- not been completely confirmed by those who have 
fully screened from external influences. The devia- repeated his experiments. The important and nn- 
tions of the galvanometer needle indicate the heating expected discovery of the nearly complete trans- 
efiect as on the scale of a thermometer. The pre- parency of rock-salt for heat, enables us to construct 
cautions required in the construction and nse of the comfJex t?iermotie apparatus for refractii^ and con- 
instrument, and in the interpretation of its results, centrating it, analogous to those ot glass whit^ we 
are too numerous to be mentioned here. used in optics. 
(710) Nobili, in conjunction vrith Melloni, applied the The next point clearly made out by Melloni, was (713.) 
thermo-multiplier (amongst other expenments) to the tpeeijie acCt'on of difterent bodies in sifting the 
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Thegpadflcraygof heattbeytranniiit.stoppingaltogetliercertain William Herschel and others. It dependi on the 

Mtion of iinds or qaalities of heat and tnuumittdng others, nature of tlie prism employed. In a prism of rock- 

■ubiUnce* Suhetances, in general, transmit moit readily the heat lalt, the hottest part of the spectrum is as far beyond 

oa tbe raj) radiated by sarfaces having a high temperature; this the extreme riaible red, aa the interval between that 

of heat.— had already been shown to be true in the case of glass red and the yellow ray in an opposite direction. 
i>flieiit.°° ^7 De la Roche. That experimenter had also demon- Through the intervention of Arago and of Baron f'^') 

■trated Caa we have seen in Art. 704) that successive Humboldt, Melloni ultimately obtained permission to u^qdI 

plates of glass intercept a constantly decreasing per- return to Italy and to reside at Naples, where he spent 

csntage of the heat inddent upon them. This may his latter years. He ceased, however, to prosecute 

be erpltuncd by supposii^ radiant heat to be, like his researches on radiant heat with the same energy, 

the light of ^e sun or of a Same, heterogeneous, under circumstances of ease and comparative affluence, 

containing rays of different qualities, some of which that he had done in tbe period of distress and obscu- 

are easily transmitted and others are wholly stopped rity. Nevertheless, several original papers were writ- 

by glass. And if we pursue the analogy with re- ten by him at this period, as well as the condensed 

epect to other substances, we may imagine (for the account of his earlier researches ou the Coloration of 

sake of iHustration) heat to be coloured, and that Heat, of which only the first volume appeared. Mel- 

difierent media, though equally transparent and co- loni died of cholera at Portjci, in August 1854, 

lonrless as regards light — such as glass, rock-crystal, aged 63. 
and ice — eserdse a specific action on the rays of heat, 

each transmitting certiun portions of the heat and The analogy of Badiant Heat to light, strikingly (71T-) 

stopping others. Rock-salt alone (according to Mel- established by Melloni, with respect to the diversified ^^'J^ 

loDi)isab3olutelycoiourJ«awithrespect to heat, trans- refrangibility and other qualities of the various radi-poi^^„. 

mitting all its varieties with uniform facility. Thus ations emitted by one or difierent sources, suggests ilUnt hot 

equally thick and equally clear plates of salt, glass, an enquiry as to the intimate nature of these two" ^"■*^- 

and alum, transmit, aut of 100 rays of heat ft'om agencies. No answer is likely to be so conclusive 

difierent sources the fiiUowing proportions : — as an appeal to the test of Polarisation, which, in 

HntfRRB Haufrom Hut from the case of light, has been bo remarkably explained 

ft brifbt g„, pi^ ,t jgg. )]i> l)y the theory of the transverse undulations of a me- 

Rock^alt . 98 oa' Oi' S2 dium. Some years before any of Melloni's papers 

Plue-glmu ......39 2i 6 appeared, — indeed, before he had entered on the in- 

■Al"" 9 8 vestigation just noticed, — the writer of the present 

(714.) Let, however, heat which has been sifted by a plate Dissertation had attempted, by means of common 

^^^""E*' of alum fall on another similar plate, then instead of thermometers, to test the polarizability of heat. The 

U^^ 9 per cent, 90 per cent, will be transmitted. On the trial was not a new one ; but, except in the case of 

other hand, if we unite two plates of opposite trang- the heat of the solar rays, tbe results seemed to be 

missive qualities, as alum and green glass, the com- inconclusive, or were even wholly negative. Berard 

hination is almost absolutely opake, just as a combi- had, indeed, not long after the discovery by Mains of 

nation of two coloured glasses giving different pure luminous polarization by reflection, repeated (in 1812) 

tints (say red and green) would be opake for light, that experiment with sun-heat, and also with the 

The working out of this beautiful enquiry is entirely heat emanating from terrestrial sources ; and as he 

due to Melloni ; and he has published a separate work believed with success.' I have ventured to call his 

on the " Coloration of Heat.'" He also rendered it experimeuta inconclusive, because others besides my- 

probable that the rays most easily absorbed by glass self vainly endeavoured to repeat tbem. Professor 

sndbodies generally aretheie<utrefrangible; and this Powell f^led with ordinary thermometers, and at a 

has been made certain by direct experiments by the later period Nobili announced a decidedly negative 

author of this Dissertation, who, by a peculiar me- result, obtained with the thermo -multiplier. Simple 

thod, founded on the Total Reflection of heat within radiant heat, he afllrmed, is not polarizable by re- 

a prism of rock-salt, has obtained the following In- flection.' 
dices of Refraction : — I have just referred to my own early experiments (718.> 

H«tfhmiftUmp,n,^nrefractl«tiHi« IS31 ?° *>»« »°^J«* ("*"!«•' *«" ^^^''^ 'T'"^"f '^^^' m^EtT'U 

Do. psMed tbrougb gUn 1-647 m order to explain that it was natural, on hear-y^^ "^ 

Do. do. ■lam I'SBS ing of the application of the thermo-multiplier «rit«r 

H..Dlumlnou.r.T _ 1663 j^ measure radiant heat, that I should wish to 

EipUn«- Melloni ingeniously applied the facts previously repeat them with the new instrument. This I 

tion of mentioned to explain the variable position of the did in 1834. I first succeeded in proving the 

{loint of hottest part of the spectrum, as observed by Sir polarization of heat by tourmaline (which Mel- 

hcst la the : ~ 

apoutrum. l ^^ TWwicAniM, ou la GoloraUim CHUeri/bpu. ITftplw, ISSO. 

* Jftiwnrw d'Arc4tta, yol ill., p. 6. ' BiiUptJUqui tfnntriitit, Sept 1831. 
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loni had announced did not tak« place) ;^ next, b^ tuate just as the amount of light received by the eye 

tnuBiniBflion through a bundle of very thin mica under similar circumstances would hare done. This 

plates, inclined to the transmitted ray ; and after- experiment which, with the others just mentioned, 

wards by reflection from the multiplied surfaces of a was loon repeated and confirmed by other obeerrers, 

pile of thin mica plates placed at the polarizing angle .^ still retnaina the only one piovjng the double refrac- 

I next succeeded in showing that polarized heat is tion of heat unaccompanied by light ; and though 

subject to the same modifications which doubly re- somewhat indirect, it will hardly be r^arded by 

fracting crystallized bodies impress upon light, by competent judges as otherwise than conclusive. Ice- 

Buffering a beam of heat (even when quite obscure), land spar and other doubly-refracting substances, 

after being polarized by transmission, to pass through absorb invisible heat too rapidly to be used for efiect- 

DcipoUri- a depolarizing plate of mica, the heat traversing a ing directly the Beparation of tlie rays, which requires 

uUoD of second mica bundle before it was received on the a very considerable thiclcnesB of the crystal. I also 

pile,' As the plate of mica used for depolarization succeeded in repeating Fresnel's experiment of pro- CimaUr. 

was made to rotate I'n itt own plane, the amount of ducing circular polarization by two internal rdec- P^'"''"' 

heat shown by the galvanometer was found to flue- tions. The substance used was of course rock-salt* "'"'' 

§ 9. M. RegitauLT. — Numerical Lawt of Expaneion hy Heat; Iladberg, — Vaporisation; 
Dulong. — Latent Heat ; Hygrometry. 

(T19.) The Ihnits of this Essay will not permit me to do thrown upon the accuracy of Craj-Lussac'scoefiictentCoaflident 

*'uli'^' more than allude in very general terms to the merito- of the expansion of the gases (0'375 of the vo-*^"!^"' 

" ' riouB services of M. HBNRi-VicToa Beqnault in the lume at 32° for the expansion between 32° and 212°^^** ^^ 

sdenceofheat. In the seventh section of this chapter Fahrenheit) byRudberga Swedish philosopher, whomarcury; 

I have mendoned his name in connection with that determined a new coefficient (0-3646). M. Beg- '^"^^■'E 

of Dnlong, whose researches he has prosecuted, and nault finds for air of the ordinary density a co-~ "°"8' 

whose position in the ColUge de France be DOF fills, efficient nearly the same as that of Budberg, but 

(TIO.) The attention of M. Begnault has been devoted differing slightly for the same fluid under differing 

Skill of chiefly to heat in its combinations with matter — to pressures, and also for the various gases.* The ox- 

Mrimm"' <^''**^*io° """i vaporization. I have already said, in pansibility of all of these fluids appears to tend to 

t»rt. speaking of Dulong, that, in point of numerical pre- the same limiting value when they are sufficiently 

cision in the results of experimental physics, the attenuated. As a preliminary to these experiments, 

French are unrivalled. The talent which they have the expansion of mercury was ascertained by its hy- 

ahown in the construction of apparatus, skill in its use, drostatic equilibrium at different temperatures, as 

and patience in deducing results with due attention to had already been done by Dulong, and with almost 

every numerical correction, have not been equalled coincident results. The dilatation of mercury was 

either in England or Germany, much less elsewhere, used to ascertain that of the gloss vessels employed. 
{T21-) We must, however, note that doubts were first The irregularity of the dilatation of glass is one of (722. 

1 Atutaitt d4 Chinit, torn. It. (1B33). 

' I wu led to poIuiiB belt by tnnimiuioD througb inlea fllma from hiving obierTed the eitraordlnBry parmnbilitf of thoae 
filmi to radiant heat, and Itom tbe facility of adspUng thsm to tubei applied to the pile. The idea of lulog bandies of mica for 
rtJUeling beat did not occur to me nntil some time after. But I cannot here omit mentioning ■ drcumatance of which I onl; 
bacame aware aonie yean after tbe publication of my researches. In arranging my aarreepoadenca, I found aomfl letters fWim 
Bir David Brewster, with whom I had communicated as to the best means of poliirlilng heat, during my earliest and nniacceBtfui 
attempts with common thermometers. In one of these letters he recommends, among other metliodi, the reflection of radiant 
heat ttom mica bundles. This suggestion was not put in practice; for, owing to change of residence and other drcumstance*. 
my atlentioD was diverted to other subjects, and only recalled, afler a lapse oT some years (as stated in the text), to the polari- 
lation of heat, by tbe invention of the Tharmomnitipiier. Nor was Sir D. Brewster's suggestion recollected by me until i ac- 
eidentall; met with it (after another long interval), in tbe maoner which I bave juat stated. I am glad to have an opportunity 
of BCknowledging the friendly assistance and encour^ement in all matters of science which at an early age I received from bim 
wbea I was an obscure, though ardent student, and when he was my only scientifii: adviser. 

' t have not thought it proper to go into farther details concerning my own ezpariments on radiant heat. Tliosa who desira 

mora information will And it in Professor Fovrell's Second Beport on Radiant Heat, in the Brit. Auoe. Btportt for 1810. Bnt I 

D)ayhere state, that M. Ueiloni's first experiments on polarization were madewitb mica piles, furnished to him by myself in 1S3S. 

* M. Regnault's experiments were published In 1811. Pniferaor Hagnas of Berlin was at tbe same time engaged On limiUr 

experiments, and with nearly coincidant results. The following table contains tiie summary of all Uiese eiperimenti : — 

<V«f- Daiton'scoefliciBnt... O'SBl 

ficienti of Gay-LuMac's coefficient 0-376 

expansion Rudberg'i coefficient 0-36U 

t»( gum. ^' It^gnault's coefficient (ttota tbe expansion observed under a constant pressure) 0'367 

M. Regnaalt's coefficient (from the elasticity observed nader a constant volume) (K)665 

H. Usgaus' coefficient (from tfie elaaticity observed under a constant volume),.... 0'366S 

Dalton'i eipeHments were made between SS° and 212°, and after allowing fbr the expansion of glass, be obtains for tiie relative 
volomes of air at those temperatures 1000 and 13S5, giving ^i, of the volume at B6° for 1° Fahr., or i^ of the volum* at 32°, 
which agrsas with the cO'efficiant given above. See Maaehaltr Mtmoin, vol. v., p. S98-9. 
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IrreRnlar ^^ great difficulties not only of these enqntries, but ceasor Dulong in Terifying the lav of Mariotte and I^w of 
dilBtAtlon generalljr, in constructing comparable thermometers. Bovle on the compressibility of the gases. He found "^'^'l^, 
of gl«M, jj Fj^eg go much with the composition of the glass it to be indeed Tery approxiBiately true, yet not ab- " ^ *' 
as to leave a serious amount of uncertainty in the solutely so for any gas. For atmospheric air and for 
measure of temperatures above that of boiling water, most other gases the compression increases rather 
M. Renault has had the perseverance himself to faster than the strict proportionality to the pressures 
graduate the thermometers which he uses. would assign. Id hydrogen gas the contrary is the 
(723.) These enquiries were in some measure introductory case. This result, together with that on the dilatation 
n'd'M^ to the determination of the elasticities of steam at of different gases, shows (if fully confirmed hereafter) 
Regnanlt different temperatures, which had been already ascer- that mere simplicity or nniformity of result is not by 
on the Blai- tained with so much care by Dulong (nominally in any means a sure ground of induction as to a law of 
*|^ "' conjunction with Arago and other academicians), as nature. That simplicity often appears to be predi- 
to leave little need for their repetition, except on the cable only of some abstract condition of matter which 
ground of the uncertainty of the indications at high we may asBign or imagine, but which we ranly if 
temperatures of the thermometers which they used, ever find realized amongst the bodies around us. 
AllM.Regnaalt'sresuitaaremoatcarefu]lye:tpreBsed The preceding InveBtigations, the result of an (7iS.) 
in terms of temperatures measured on an air thermo- amount of minute and assiduous labour almost fear- 
meter corrected for the expansion of glass. They agree fnl to contemplate, are to be found collected in the 
well with those previously ascertained by Dulong, 21st volume of the Memoirs of the French Academy 
(ts*.) In connection with this subject, the important law of Sciences, which they entirely occupy. 
H. Reg- of t],g latent heat of steam at different temperatures M. Begnault has elsewhere published aual(^us (7£7.) 
latant beat ^** been correctly ascertained for the first time by M. researches on the Specific Heat of a great variety of **■ j**?" 
Begnault. Watt maintained that the sum of the substances, and on the theory and practice of Hygro- g^g^ 
sensible and latent beats of steam is constant at metry, both of which are highly interesting and im- Heat and 
all temperatures ; Southern and others, on the con- portant, but which I have not here space to analyze. Hjgrome- 
trary, believed that the latent heat has a constant lie is also favourably known as the author of an ^^' 
value, whatever be the temperature of vaporization, excellent treatise on chemistry, and in fact site in the 
M. K^nault shows that the true law is intermediate. Institute as a member of the Chemical Section. He 
The latent htat dtminUhM as the setudble heat o/tttam now directs the manufactory of porcelain at Sevres ; 
moreaiet, bMina slower propottum. and being still in the prime of life, much may yet be 
(725.) Our author also followed the steps of his prede- hoped from hie devodon to scienoe. 



CHAPTER VII. 

ELECTRICITY— MAGNETISM— ELBCTEO-MA&NBTISM. 

§ 1. — GalvakI. — Dwcovety of Galvanism ; Proper Animal Electricity. ^The subject revived by 
Nobili. — MM. Matteucci and Du Bois Reymond. 

(72B.) Thbbb are few discoverers in acienoe whose posi- the source of nervous irritability. It was calculated 

GalTui. jjoj, jt jg more difficult to assign with accuracy than to throw great light on these most abstruse enquiries. 

Galvani. Attaining at first, by a curious observa- Groping to find the thread which should reveal to 

tion patiently reflected on and carefully repeated in him that labyrinth, is it surprising that he devoted 

detail, to the rank of the founder of a new science, himself exclusively to those effects which gave him a 

he was so far outstripped in its applications, that his real promise of success ? — a promise held out still by 

merit was soon in a measure overlooked, and his un- the same facts — still the envied goal of physiologists 

questionable discoveries ascribed to capricious acci- — yet how little realized by the oniemitting labours 

dent. of two subsequent genenttdons ! 
(729.) We find that a concurrence of circumstances con- Again, the almost irresistible temptation of con- (730.) 

UoTi aTft" *"*'"'*'i *° **"8 result. Galvani was advanced in verting successful philosophers into heroes, at the ^""^V* "^ 

dipcovgrtr y^ars, and, it would appear, somewhat exhausted in expense of their contemporaries, added to a less par^ ud^V^ta. 

difBcalt to constitution, when he made his famous observation donable wish to relieve the tedium of scientific dis- 

estimate, qh muacnlar contractions. He was an anatomist, cussion, by the introduction of a lively, though qnes- 

far more than either a chemist or physicist; — no tionable anecdote, has induced the eulogists of Volta 

blame, surely, is to be attributed to him on that to exalt his unqestionable claims by the deprecia- 

account ! His discovery was chiefly interesting in tion of those of his less widely known imd less for- 

his eyes, as illustrating the laws of sensatioii and tunate countryman, Galvani. Their contnuU in cho- 

Djgitizod by VjOOQIC 
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nel» and drenmstAnces were anfRcientlj marked. " On the Nervous Force and its relation to Electri- 

QBlvaiii waa a prafeBsional anatomist and physiolo- city."* In 1786 he pornied the enquiry, with the 

gist-, Volta a [AyaidBL Galvani waa little known, aid of his nephew Caraillo Galvanl; and the effect 

aad had probably travelled little beyond theprovince of thnnder-stonnB in occasioning muscular contrac- 

ia which ho resided ; Vdta waa peraonallj and ad- tions in the frog (which he had previously noticed), 

vantBgeodsly known in Paris and London. Galvani, was farther studied. Ha then designated the pre- 

SOOM after his discovery, fell into undeserved political pared frog as " the most delicate electrometer yetond on 

disgrace, which mtdenniaed his health ; Volta lived discovered,"* But this year was also the one of j'**"'''"? 

to an advanced age, hia experitnenta and discoveries his real discovery, namely, that muscular contrac- u^o wicb 

rewarded by every honour which not only academic tions are sometimes occasioned by caosea remote it 

authority eoold bestow, bat which the almost uni- from any then known to be connected with electricity, 

versal sway of Napoleon could render to hia genius, Camillo Galvani, pursuing his uncle's experiments 

Oalvaoi died piematorely, and whilst his best obser- on Atmospheric Electricity, had prepared some frogs, 

vationa were contested ; Volta survived to nearly by dividing them about the middle, and detaching a 

the latest term of hnman life, having witnessed the portion of the lumbar nerves from the integoments, 

frnita of his great invention ia the splendid disco- leaving them in contact with a portion of the verte- 

veriea.of Davy sod Oersted. brol column which was then suspended by an iron 

(731.) The biographical particulars of Galvani's lift may hook. These prepared frogs were lying horizontally 

be passed over in a few words. The history of his on the top of an iron rail of a balcony on the third 

discoveries has been recently materially enlarged and floor of Galvani's house, where he was in the habit of 

comcted, by the researches of the Academy of Bo- observing the effects of atmospheric electricity. The 

logna to which he belonged, and especially by those nephew noticed that when the hook or the vertebna 

of Profsssor Gherardi ; it forms, together with his were pressed on the rail by the finger or otherwise, 

eolleded writings, a ponderous quarto volume.' The muscular contractions ensued, which he pointed out to 

di ffua ene s a of the commentary, and that of Galvani's his uncle, who lost no time in repeating the observa- 

writings also, is a defect in this compilation, which tion, which seems to have been made early in 8ep- 

tends to weaken the nnqneationable force of the evi- tember 178fl.* His experiments io this and the fol- 

denoe in his favour. lowing month are detailed, with the exact dates still 

(733.) liuior Galvahi was bom in 1737, and was preserved, with this remarkable title in Galvani's 

Gal'uii 1 promoted in 1762 to the chair of anatomy at Bo- hand-writing, — Efperimenti eirea rEUtrieitA dti 

DMnta^ loS^i^i his native place, the aeat of a most oele- MetaJK; and the results are formally drawn up 

tti« Nbt- bnited university. He studied and taught his science in a Latin Dissertation of 62 pages, bearing date 
vou 8]n- ^ijj gro^t success, and published several memoirs. 30th October 1766, forming the substance of the 
^'°'' Probably he would have become still more widely most important section of his Commentary on (As 
known, but that he was antidpated in some of his EUetric Foreet, tic, published five years later, but 

observations (particularly on the organ of hearing) differing from it in some important particnlars.* 

by the celebrated Scarpa ; in consequence of which. Thus it appears distinctly, that one metal atone 
Oalvani, with his customary modesty, snppresaed -4ron— was used in producing the convulsion;' 

what had already become known through that able whilst in the printed Commentary, the hooks are 

anatomist. As early at lesst as 1760 (as we learn said to be of brass or of copper. The explanation ie, 

from the researches of Gherardi, and the MSS. of that Galvani having become aware of the superior 

Galvani himself), he made experimmts on mnscn> efficacy of unlike metals in contact, described the ex- 

lai contractions taking place by electric influence periment, not as it was^rjt made, but as it mt^Atbe 

from the electrical machine, the electrophorns, and made with greater certainty. Yet, singularly enough, 

the Leyden phi^.' The experiments were made this Dissertation is entitled, — De animaU Eleetriei- 
on froffi in particular. This was ten years antece- tate; showing, that in the short space of a few weeks, 

dmt to the commonly alleged casual discovery of hehadabandoned hisearliernotionof themttoffbeing 

galvanism. The experiments were continaed in 1761 the source of the electricity, and ascribed the e^cta 

aosd 176^1 when he drew up a paper (not published) to the proper electricity of the nerves and muscles. 

> Optrt dffM td iiudUe dtt profatort Littgi QoIwhu, raecoiu t pvbbUeau ptr ram dilV Aceaitnia dtOe SeUiiat dtU' Inttituta di 
BaUyiia. Bcd^EU, 1841. The oopj which I nu bsIoDga to the Majtl Soclaty of Sdinburgli. 

* Rofforta, to, p. 11 (In ths work >bov« cited> ' lb. p. 18. 

* lb. p. 30. Tbe eipi^ioD la remarkable, becauM Volta ii often regarded aa the flnt wbo oonsidared Um ftog in the aepaot 
of a mtrt electroMOpe. 

* Si^poru,, pp. 33, 3S. * lb. p. 3S, 38. It were to be deHred (bat thi> HB. were pabllihed Id fUl. 

* Tbe pBHSge trvn Um HS. ii eaod-aAt%'~" Banaa itaqoe coniueM more parata* wuiitB ftrrto eanuD ipiDall niedalla parflv- 
rata atqoe appenia, Septcmbrli Initio [1786] die Tesperaecante anpra parapetto horiioatallter collocaTimni. Cncinni /arrMaa 
toMAwtn (namelj, tlie top of tbe iron parapet or rail) tangebat ; an motoi in rana ipoiitanel, varii, baud infrequeDtei I Si diglto 
ueiniilun adTerani rarreani auperflclem premarotsr, quieecaot** exeltabaatur at totiee feme qooUa* biqanDOdl piwilo aAi> 
teretnr." — BapporU, p. 86. 
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(733.) Of these two very opposite aspecte of this remark- Experimenta institnted after a lapse of 30 yean, with 
able experiment, it might have been reasonably enough the aid of new instraments, and vastly increased know- 
anticipated, that one should be wholly eironeotis. ledge of electric manifestations, have coDclnsively de- 
This, however, is not the case. Galvaniwas jnstified monstrated the accuracy in this respect of Galvaui's 
in both his inferences, although he unquestionably reasoning in. preference to Volta'i. 

believed that only one co&ld be true. As a physio- The publication of the results already aoticed did (73S.) 
logical anatomist he not unnaturally adhered finally not take place till 179 1 in his celebrated paper in the '''■^■^ 
to the opinion of vital or animal electricity being the Bolagneae Traniaetioni, The statement popularly q'251S'» 
causeofthephenomenonwhichhehadobserved. Vol- made by almost every writer (and which may beTiem. 
ta, on the other hand, already an experienced natural traced to Atibert, one of the earliest historians of the 
pbiloBOpheri though for a short time an entire con- subject, but whose anUiorit^ seems to be of little 
vert to Galvani's published opinions, maintained the weight), is thatthediscoveryof G-alvanism was made 
contact of metals, unlike uther in kind or in their in 1790, in Madame Galvani's kitchen, where a &c^ 
mechanical condition, to be the source of the nervous soup was being prepared for that lady's repast, she 
commotion ; and whilst he was enabled to support his being at the time in delicate health. The absurdity 
opinion by very striking experiments, its popularity of the invention is evident ^m the history which 
was not unjustly perhaps exalted to the highest pitch we have given, founded on unquestionable documents, 
by the happy application which he made of it, to the The memoir of 1791 was the rwumtf of elaborate ex- 
construction of that wonderful instrument, the vol- perimenta continued with (apparently} little inter- 
taicbattery, which effectually withdrew attention for a mpdon for eleven years; and the most interesting 
time from the comparatively feeble and obscure effects results had been digested in a Latin tract five years 
of the electric power residing in the animal tissues, before. Alt this shows at once great patience and 
(734.) 7l,e historian of Ecience, well aware how far the in- intelligence on the part of Golvani, who, peroeiving 
eUetrldw' triiBic importance of discoveries is from depending the difficulty and also the probable importance of 
of th« frog, upon the mere magnitude of their ef^ts, and how the subject (in a physiological view) — oscillating per- 
often the philosopher, dazzled by the splendour of a haps in some measure between the two very opposite 
new truth, overlooks some minute concomitant phe- opinions regarding the source of muscular excitement 
Bomenon which hereafter may rival or eclipse its which we have seen that he almost simultaneously 
splendour, — readily recognises the perseverance with held, — 'postponed for so long a time the publication of 
which Gralvani maintaioed his theory of animal elec- a discovery which he mast have been sure would con- 
tricity as a part of the true philosophical character, fer upon him a great reputation. By the time of hie 
and therefore as enhancing his reputation. The publication his views had become fixed in favour of 
metallic arc which, by connecting the muscular part ammtd electricity ; and he defended it in several suo- 
of the limb with the root of the lumbar nerve, occa- ceeding memoirs. 

sioned the convulsion, was to be regarded, on bis The unjust deposition of Galrani from his chair on (736.) 

theory, as merely establishing equilibrium between political grounds afiected seriously his health and B^* dcstk. 

those parts to which the vital principle had comma- energies. Perhaps his latest experiments were on the 

nicated an electric tension similar to that which sub- Electricity of the Torpedo. He died 4th December 

sists on the opposite surfaces of a charged plale or 1798, aged only 61 — happy perhaps in not having 

Leyden jar. Galvani gradually disembarassed his ex- witnessed the discovery of the File, which, by its aa- 

perimentsfromthesnspiciouB presenceofmetalsalto- tonishing results, was to &raw into the shade Gal- 

gether. Taking the prepared hind-limb of a frog, vani'g more intricate and difficult studies, 
widi the connected nerve entering the spine, he found To appreciate justly Galvani's place in snentific (737.) 

that when the latter was suffered simply to touch the history, we must recollect three circumstances which Hit dii^n- 

bare surface of any muscular part, and without the have often been overlooked, — /'fV«t,thathisdiscoveriesE'''*^^ 

Conflnned intervention of metal or any other conductor, a spasm were the result of patient, ingenious, and protracted 

A v(ni°" of the limb immediately occurred.' This important research, not of a casual observatioQ exciting ignorant 

Humboldt, experiment was repeated and varied in 1795, by the surprise. Swondly, That however deficient was Gol- 

cclebrated Barou Alexander von Humboldt, who pub. vani's theory of animal electricity to explain all, 

lished a paper on the subject in GrerCi Journal, fiilly or even the most conspicuous facts witneBs»l by Mm, 

confirming Galvani's conclusions. Volta, on the other it was a real discovery which has been confirmed by 

hand, admitting the facts, strove to explain them on the latest and most scrupulous researches, and of a 

the supposition, that they were due, like other electric physiological importance which can hardly be over- 

corrents, merely to the heterogenedUs nature of two ratenl Thirdly, Galvani's Commentary was received 

solid bodies^ the muscle and the nerve brought into at the dme with enthusiasm, not only from the im- 

opposition, and moistened by a condnctii^ liquid, portance of the fkcts which it contuned, hot from tbe 

int^nph MSB., whldi mppcsn certalDl/ to dftte firan m6> 
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atalitj alioint bj tbe anthor in diMnasii^ them, direction alr«adj mentioned, which oostinned tot a^ 

Then waa no part of Europe in which Galvani'a ob- veral hoars after death. Strange to mj, NoUli mis- 

serrattons were not held to bear ont his theory ; and apprehended ^e natare of the phenomenon, aaerib- 

the warmeit enlofiy of them k to be fonnd in the ing it to Thermo-Electricitj, though he ought to 

writingB of Volta himaelf, who soon advocated a dif- have been undeceived by the lingular intensity of 

ferent expIanati<Mi. Volta calla animal electricity " a the animal current, whidi, feeble as it is, can force 

great and Inmiiuins discovery which forms an epoch its way along thousanda of feet, or even some miles of 

in the annals of physical and medical science," and as fine wire.* 

** proved to demonstratioa {ad eoidetua) by many ex- These ezperiiBeBti wore renewed in 1837 ^ M, (T39.) 

perioMDts well wntrived aad accurately execntad." * Afattencci of Pisa, who has the merit of reviving the ^'l^"'** 

Had there been as little novelty as has sometimes original and correct opinion of Galvani as to the vital q^ q^^^ 

been allied in Cralvani's observations, they would source of this electricity. To his resear<dies, and the Rsjmond. 

not have been heard of at onoe, aad repeated in every still later ones of Dr Da Bois Reymoad of Beriin, we 

dvilisad country, nor hare given birth to a new and owe the knowledge of most of the fads as yet ascer' 

splendid science. Nothii^ then in fH'ogress, either tained in this most difficult and obscure branch of 

in the hands of Volta or of any one else, gave the enquiry, where the sources of error are so numerous 

sl^hteat elue to the invention of the Pile, which, but as only to be eluded by consummate skill on the part 

f<>r Galvani, might have been yet undiscovered. of the experimenter. It appears to be established 

(788.) Hevival of £rp«rini«nt* on AninuU EUetrioitj/. — that the vital electridty exists both in the muscles 

Revival The grand discovery of Oersted, which gave a Ireshim- and iu the nerves of many, probably of all animals 

of«ip«ri- pulse to so many branches of adence, revived likewise when living or recently dead ; that therefore the frog 

ulnul the subject of the proper electridty of the animal tis- current of Nobili is only a single case of ^e general 

•isctrlol^ sues, which had been well-nigh foi^tten since the muscular current, and that the latter arises from the 

— NobUL deti^i of its discoverer Galvani. Twenty-nine years electro-motive action of even the minutest fibres of 

latar, in 1827,Nobili of Florence demonstrated the ex- which a muscle is composed — the general law being 

istence of what has been termed "The current of the (according to DrDuBois Raymond) that positive elec- 

frog." We have seen that a momentary spasm is tridty movea from the transverse section to the longi- 

produced when a drcuit is completed, including the tudinal section of a moicle or a nerve, or any portion 

muscle and nerve of the recently dead animal. But of either. Finally, the last-named writer has shown, 

by the aid of that admirable instmraent the Galvan- to the satisfaction of many eminent men who have 

ometer, Nobili succeeded in showing that a continn- witnessed his experiments, that powerful mnscular 

ons current of positive electridty constantly passes coatraction, whether induced by stimuli or the result 

from the foet to the head of the frog. This he de- of volition, tends to diminish the force of the natnral 

teeted by pladng the feet of the animal in conneo- muscular current. This he demonstrated first on the 

lion with one end of the galvanometer wire, and its frog poisoned by strychnine, but afterwards on the 

spine vrith the other (the whole being properly insn- mnscles of his own arm, in which by voluntary con- 

lated), when the needle of the instrnment was per> traction he could diminish at will the force of the 

manently deflected to the amount of 6° or moro— natnral current, which iu the state of rest is directed 

indicating the passage of a stream of electridty in the from tbe shoulder to the hand. 

S 2. Volta. — Progreu of Discovery an Common and A imoapheric Eleetrioiti/ — The Electro-motive 

Theory— Vottaie Pile — Chemical Analogiea and Decompoaition—¥a\>hromi Nioholson and 
Gsrlisle. 

(740.) Volta was the first among philosophers whose cems ordinary and abnospheric Electridty; and the 

Vrita. career lay solely in the study of electridty. Franklin new doctrine of Galvanism and the Electro-motive 

and .Spinas, Beccaria and Wilke, Cavendish and force. 

Gonlomb, gave it only a share of their attention; but I. Albssakdbo VoLTAwas bomatComo, of anoble— ^^^'y 

Volta was from boyhood exclusively an electrician. family,in 1746. His firstpaper on Electricity was ad- „p„l. ' 

Such devotion deserved success, and he achieved it. dressed to Beccaria at tbe age of dghtcen. But it waa maaii — 

He was already famous, and an honorary fellow of not till 1775* that he published a description of the huElectro- 

the Royal Sodet^, long before his prindpal discovery Eleetropfiorui, an ingenious instrument in which Bco^diIv. 

of the Pile. A review of his career may therefore conducting bodybecomeBelectriGedanindefinitenum- 

be conveniently divided into two parts — what con- her of times in succession by being broim;ht near to an 

■ Optre dil Tbita, ii., p. 13, 14. 

■ 'Bn gUnBoneter of Da Boti Raymond oooUIni 9'17 Bngliib mllet of irlre, in 24,160 ooil*. 
> Set tba latter to Prlaitley In tha Flnt Tolums of VolU*! Worb. 
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exdted cake of pitch and resin. This chBi|;« is n- identity of lightning and electricity. Lemonnier dis- 
oeired by induetion merely ; and as it expends none covered the fact of electricity being manifested when 
of the electridty connected with the pitch, the snc- no thunderatonn threatened, and even when the sky 
eessive charges are precisely eqnal, a circumstance was ciondleaa, and that it was subject to diurnal vo- 
which enabled Volta very simply to give a nume- nations of intensity, Beccaria farther ascertained 
rical value to the amounts of electricity used in his that with a deer atmosphere the electricity of the 
experim^its, as they were giren by one, two, or air is always pogittve. De Ssnssnre, Deluc, and 
more contacts with the electrophorus. The Con- Volta continaed the interesting enquiry. The 
demer, an ingenious and useful instrument for 8C- first, availing himself of the known action of points 
cumulating small charges of electricity until they to draw off electricity, connected his electrometOT 
attain a measurable amount, or cause divergence in with a pointed rod two or three feet in length, 
the electrometer, was described by Volta in 1782 in Volta substituted for this the flame of a lamp pro- 
the Tratttactiotu of the Royal Soeieti/, its construction ducing a heated cnrrott of air, which has a won- 
having occnrred to him in following ont the idea of derfol power of drawing off electricity; and he sng- 
the electrophoms. This instrument was ultimately gested the employment of large fires during thunder- 
of essential service in establishing his theory of Elec- storms in preference to metallic condnctors, Volta 
tro-motion. The theory of both the electrophorus hesitates not to ascribe to the worshippers of i7u;iitsi* 
and condenser had been indicated by ^pinus some Tonant the secret intention to draw off the electricity 
time before Volta constructed them ; but he did not of heaven by the action of the flames on the altar.' 
apply them in the practical way which Volta did to Arago has ingeniously suggested that a statistical 
the improvement of his science. Volta being, be- enquiry as to &e frequency of thunderstorms in the 
sides, nnquestionably ignorant of .Spinus's labours, neighbourhood of extensive Iron-smeltiDg ftimaces 
has been generally and justly regarded as the real might test the value of this safeguard. The straw 
inventor. Though both of these instruments depend electrometer which Volta connected with his appara- 
on the principle of induced electricity, Volta never tus was capable (by a gradation of instruments of 
appears to have possessed correct views on that sub- greater or less delicacy) of measuring numerically 
ject, but thronghont his writings speaks of electrical the force of charges frtnn 1000 to 2000 units, 
atmospheres, and uses other phrases of the old school That the chief sonrcfi of atmospheric electricity is (7U-} 
of electricians, showing a certain vagueness in his evaporation appears first to have OMorted to Volta, ^'J?^]*' 
conception which a study of the writings of his able and to have been first demonstrated by experiments ^^ 
contemporaries, ^pinus and Coulomb, would have made either with him or by his suggestion, at Paris 
dissipated. in 1780, by Lavoisier and Laplace. The history is 
(712.) But Volta's tact was nnconnected with any tinge given by Volta himself in a paperin the PhUosopMeal 
^f^' of mathematical reasoning: his experimental ability, Trantactiotu for 1782. When water is thrown upon 
BlwtroiD*- his caution, and his persevering devotion to one sub- an insulated heated body so that evaporation tdces 
«r. ject, enabled him, however, to advance science in a place, or when hot coals are thrown into an insulated 
difierent way. Even the simple Straw Electrometer vessel of water, the hot body is usually found to be 
which he generally used, was tested by him with electrified nt^tively. Voltahas verycandidlyslated 
such skill and care as to lead to correct results in the inversions of effect which occasionally occur, and 
the measurement of small qnontities of electricity, which still throw some doubt upon the precise aigni- 
U.Biothasindeedcritirisedhispreferenceforsorude ficance of this very important experiment Later 
an instrument, which depends, mathematically con- experimenters have thought that absolutely pure 
sidered, upon repulsions of a very complicated cha- water developes no electricity : this, however, will 
lacter ; but as Volta carefully tested its comparabi- not affect the validity of the explanation of the origin 
lity up to 30° of divergence, and found it proportional of atmospheric electricity. To prevent misappre- 
to the force, there is no doubt that he was justi- hension it may be observed that the astonishing de- 
fied in relying on its use; and Ar^^, in opposition velopement of electricity from high-pressure steam 
to his colleague, maintains that Volta's essay on the escaping through a small aperture, as lately observed 
Straw Electrometer is one of the best examples of by Mr Armstrong, appears, irom the experiments of 
experimental research which can be put into the stu- I)r Faraday, to depend on an entirely di^rent cause, 
dent's bands. This instrument is described in the Of Volta's electrical theory of Hail we cannot now 
first of a series of letters to Lichtenberg collected in stop to speak. 

the first volume of his works ; the subject of these Volta, who understood chnnis&y and who always <TW.) 

letters being the Electricity of the Atmosphere. took a peculiar interest in the inflammable gases, Y^^'* 

(7<3,) The important experiments of Dalihard and Frank- contrived the Eudiometer which is often erroneously ^mw 

ri*°iS^r ^™' ™P**tod with fatal consequences by Richmann, called Cavendish's, having bewi frequently used by 

^^_ had demonstrated the perfect resemblance or rather that philosopher. The amount of oxygen in the air 

1 Opirt, T<d. L, put 2., p. 203. ValWi coutrinnM d>tM from the begianing of 1787. Beaoett imagined It lodependeiitiy. 



y Google 



Cm?. VII., § 2.] ELECTBICITT— VOLTA. 963 

ii teited by mixing the latter in known proportions — "Le sojet dea d^uTortas, et des recherchea, 
with hydrogen in a. close vessel through vrhich an dont je vais tous eutretenir, Monsienr, est Pelec- 
electric spark can be passed. Detonation takes triciti ammale." In the course of the paper, how- 
place, and the quantity of gas which has vanished (by ever, be distinctly states that whilst he agrees with 
conversion into water] measures the amountofogygen Galvani in considering diat the convulsions of the 
which has combined with hydrogen in the experi- frog, obtained with homogeneous conductors, are 
ment. It was for a long period employed as by far due to a proper animal electricity (§§ 12, 18}, the 
the best means of testing Uie purity of air. more powerful effects occasioned by the contact of ' 

All the preceding labours of Volta (and I do not in- unlike metals are caused by " common electricity" 
tend to touch on any minor ones) have evidently an developed at the junction, and having the nature, not 
intensely practical character. His aim throughout of a discharge, but of a continued stream. He re- 
was to improve the instrumental means of detecting peats and modifies Gatvani'a experiments on animals, 
and measuring electricity, and to detect and measure cold and warm-blooded, and makes interesting ob- 
itas it occurred in practice, rather than to form theo- servations on the excitement of the nerves of taste 
ries of its nature.* £ven the discovery of galvanism, and sight by the contact of unlike metals. The con- 
which vividly excited his interest, only partially di- elusion of his paper is in opposition to its earlier 
verted him from his scientific destiny. Volta will portion. He expresses a grave doubt whether there 
indeed be always remembered as the author of the be any vital electricity in the matter. 

plausible theory of electro-motion, and as having The indnotion of Volta was imperfect in this, that (748.) 

corrected the too exclusive doctrine of Galvani con- he did not prove that the efiecta which he attributed V^"' ^ 

ceming the sources of electric exdtement ; but his vrith great probability to the contact of metals pro- cgl^ 

real claim to immortally is the invention of the Pile, ducedanyotherrecognisedelectrioeflect than the phy-Ha&S 

To this part of the history we therefore proceed. siological ones. Galvani had gone very nearly as far. 

CTW.) jj \v)igii Galvani announced hia discoveries in He had even hesitated between the terms animal 

y^Jf^^ the Bohgneta Traiuaetiotu t'n 17^1,* Volta was electridtyand electricity ofmetals; hehad considered 

— Volt**! Professor of Physics at Pavia, having been appointed the frog as a very sensitive electrometer, exactly as 

*"'7P^ to that post in 177^. As has been mentioned in a Volta did; and the manner of so using and applying 

^^ 3^t^„ former section, the announcement of these researches it is ascribed by the latter in this memoir to Galvani, 

excited the immediate attention of electridans and who having thus invented the instrument which 

anatomists in every part of Europe. Of course Italy for years served alone to indicate the presence of the 

was not exempted from the general impulse. In that new species of electricity — and having also described 

country physiological observations have always been accurately the influence of the heterogeneous metals 

prosecuted with interest and success ; and indeed it in aiding the results — left to Volta only the credit of 

has never been deficient in persons of ability, whether the assertion that in lome instances thee^ctwas 

in physical or in purely mathematical enquiries, since due to the metals themselves, in others to the natural 

the very dawn of letters, at which time Italy made so electricity of the animal frame. Under these cir- 

distinguished a figure in literary progress. Volta, cumstances, I think that the award of the Copley 

Aldini, Valti, and Spallanzani were all, at the time Medal by the Royal Society to Volta, rather than to 

of which I now speak, actively engaged in the Galvani, was a questionable decision : the great vi^ 

pui'suit of saence; and Galvani's opinion that the lue of Volta's paper, at the time, was undoubtedly 

commotion of the frog by the connection of the that it directed the attention of I^glish experiment 

muscle and nerve through a " conducting arc" of ters to Galvani's discoveries, then quite recent and 

metal was due solely to animal electricity, was gene- probably imperfectly known. * 

rally adopted, and by none more cordially than by Many publications followed. I shall only notice (749.) 

Volta in a letter and memoirs published in Bmg- that by Dr Fowler of Edinburgh (afterwards of Sails- Bobiton** 

nateUi'i Journal early in 1792. These were speedily bury), which is remarkable as containing a letter by ^*~^ 

tociJ^ followed by two letters to Cavallo, dated October of Professor John Eobison (336), who first thought of volta'. 

' the same year, and communicated to the Royal So- increasing the eflect of heterogeneons contact by nsingpil*. 

ciety of London, in acknowledgement, as the author ''a number of pieces of zinc made of the siEe of ashil- 

states, of the honour recently done him of electing ting, and making them up into a rouleau with aa 

him an Honorary Fellow. The title of this com- many shillings." We have here unquestionably the 

■ munication deserves notice, — " Account of some first idea of the pile, which moreover'was actually 

Discoveries made by Mr Galvani of Bologna, with constructed. This was in May 1793. It was only 

Experiments and Observations on them ;" ' and applied, however, to excite the nerves of the senses, 
also the first sentence (the letters are in French), In various scattered memoirs, from 1793 to l?9fl, (TEO.) 

1 Bii argamaiila M to the primary law oF alectrie attnctioiii ud npoliiou, m wholly ina»ct. HI* ilectrometer wsi imlltttd 
for laeli enijulrie*. 

* VoL Tii. • Hii p«p«r wu niirintad wnft.n.'UAj at Hodsna In 179S. * PkibntpkUial TnuuattiiHa, IT03. 

* Bm (be fTonnds of th* award *tat«d by Sir Jonph Bank*. Weld, Bitt. R. BoaHtf, It., 902. 
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Volta'i we find Volta fradually jnauting more on the purely reflection and controversy often only olecnre ! This 

■Im^*'' medianicai nature of the electrical excitement. The is, of course, the cue rather in the research of oanses 

moUoa. laBt-named year prodnced an important ktter to thui of the means of rendodi^ discoveiy practieal. 

Gren of Halle,* which contains the real germ of the Whilst Volta was thus mtuntaining the opinion (Tsi). 
invention of the pile, though it has been little taken that the electricity excited by the contact of metals ^"^^ 
notice of. We there find conducting bodies divided was entirely mechanical, and due to oontact merely ; J^^JJJ^. 
into two classes, primary and secondary; the first — and whilst Galvani, his relative Aldini, and others, cdoriglii 
including metals, metallic ores, and charcoal ; the se- maintained strenuously the vital dieory, in which they "' gilno* 
cond liquids, solntioiis, animal tissues, &o. The first were substantially confirmed by no less authorities^*^ 
class he also called nwtors , Using the prepared than Wells and Baron von Humboldt — a third school 
frog always as an indicator, he tri^ the efiect of appeared, at first little popular, r^resented by Fab- 
combining three or more elem«its of the two kinds, bboiti, a Tnscan chemist and natural philosopher of 
He found that a double combination of three ele- no small merit. His papers published, I believe, 
meats, when arranged so that their order was re- in 17d9,thongh written several yems previously, and 
versed, neutralised each other, or produced no some as far back as 17^2, of which a full abstract is 
spasm ; on the contrary, when the two combinations given in If icolson's Journal,' show great acateneas. 
conspired in direction, the oonvulsions were in- He attributed the effects of the contact of metals to 
creased (§ § xii., xv., xix.). This appears to define the a chemical actitm developed at the place of contact. 
of Uw pils. ^'^ "^ Volta's diseovory of the principle of the pile He referred to Salzar's experiment of the taste <^ 
— that, namely, of superadding minnte efiects — to be heterogeneous metals applied to the tongue— and to 
August 17&6, Theformof the lurangement resembled manyinstanoesof the rapid oxidation of heterogeneous 
that afterwards adopted in the Courontte dei Tauei, metals in contact, when exposed to heat and mois- 
The second letter to Gren, dated the same month of ture. Amongst others, by a remarkable anticipation 
August ]7E'6, contains the important discovery (the oi one of the most curious applications of the eleo- 
most important abstractly of any doe to Volta), that tro-chemical theory, he notices the oxidation of the 
the electricity set in motion by the contact of nnlike copper sheathing of ships. Without " excluding all 
metals may, by means of the condenser (due also to electrical inflnence from the prodigious effects of gal- 
him), be made erident by the nsnal effect of repul- vanism," he infers that there are chemical forces 
sion on the common electrometer : — thus when zinc " exerted with the swiftness of lightning," to which 
and ailr^ are used, the former is positive, the latter the physiological efiects, and perhaps some others 
Rcpnl^oQ negative, and so of other metals, Volta used for ascribed to electricity, are probably dne. Thus, he 
due to oon- this ezperimentNicholson'singeniousmodifieationirf says, "the experiment of Snlier is nothing more 
RuUs. his own oonduiser, called a Revolving Doubler. It than a combustion or chemical operation, as is proved 
must be owned that the experiment, in its simplest not only by its result but by its duration ; for elec- 
form, is difficult of repetition, and that Nicholson's tridty acts always instantaneously, whereas the ef- 
instrumeut sometimes gives delusive results. But feet of chemical affinities continues so long as the 
Volta's great address in practical electricity, and his re-agents are not saturated." The ir^ak point of 
fairness in stating his results, leave no doubt of the Volta's theory of electro- motion is here cleverly hit. 
reality of his discovery, which evidentiy for the first That effects indefinitely prolonged, capable of pro- 
time eliminated the physiological element of Gat- dncing mechanical, chemical, and vital changes, 
vani's experiments, leaving the reet^nised mechanical without any mutual action between the touching 
effects of electricity due to the contact of unlike bodies, save mere pressure, appears indeed a paradox 
metals; and, therefore, deserved the highest honour startling even to a first inventor, but which, when 
which could be bestowed. Pfeff had already oon- maintained by successive generations of able men, 
structed a table of the electro-motive power of metals may rank as a delusion more memorable than the 
1^ tlieir actions on the frog, in which sine stood at phlogistic theory of the older chemists. Pabbroni 
one end, carbon at the other. But one of the most did not himself pursue his ingenious speculations, 
curious parts of the paper by Volta is the evidence of but his papers, though now almost forgotten, acted 
a strong suspidon which had crossed his mind, and power^ly on the minds of bis contemporaries, as 
been for a time entertained, that in his experiments we shall see in the next section. He died at the age 
with combinations of three elements — two metallic, of 70, in 1822, having spent most of his life in pa- 
and one humid — the electridty was developed sepa- triotic and useful labours in his native country,* 
rately at the contacts of the latter with the two for- We have seen that already in 1796 Volta had ar- (TfiS.) 
mer, and that the resulting current was merely the rived at aknowledgeofthe prindple thatthe electrio^'Vv'l 
difierence of the two in fitvonr of the stronger. Truly effect of the metals might be increased by combining ub pu«, 
in this whole history we may see how often first sug- two sets of triple elements similariy disposed, which, and tt* «^ 
gestions have a peculiar and intuitive wortJi, which unknown to him, Bolnson had already done (749). '•«*•• 

* VolU, Optn, vol. il., part 3. ■ In qurto, vol. It. (1800). * Bm nb seoonnt of him in tka third volnms of Gavler'i Xttgm. 
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Bot thne yean Hem to have elapsed before he was whilst mintitfi babblee of gas wen erolved from the 

led to the invention of the pile, although it is in truth other, to the amount of -^tk of a cubio inch in 2^ 

nothing mne than the same amngement freqaentl; hours. Bang mixed with an equal quantity of oom- 

Tq>eated. In Haiefa 1800 he wrote from Como a moa tar, and a lighted waxed thread being applied, 

letter to Sir Josefdi Banks, which was printed in the it exploded. It was, therefore, concluded to be hj- 

PhUowpitieal TVontoctioM for the same year, and in drogen derived from the decomposition of the water, 

which be describes the Pile aud the CouronM« dM Teu- whose oxygen had combined with the brass of the 

Mr. ThefonnereongistedofSOormorecopper orsil- positive wire. ^ Nicholson, it appears, was well ao- 

▼er ooms interlaid with as many disks of tin or sine, quainted with Fabbroni'a writings on the relation <tf 

and others of paper or leather, soaked in water or galvanism to chemical action ; and in the very paper 

brine. Thesameorderof sequence of the three elemeula where he describes Volta's pile and his own discovery, 

was carefully preserved throughout ; and the whole he expresses his astonishment that Volta should 

formed a vertical pile or nuhau. Several such piles have taken no notice of Fabbroni's results, or of the 

could be used b^eth^. Thee&ects were — l.Theready rapid oxidation of zinc in contact with other metals 

excitement of the eoramon electrometer by the aid of which appears in the pile, and which had been no- 

the oondeuMT ; 2. The produetiw of smart shocks ticed by Fabbroni in every case where two metals 

throagh tbe bands and arms, similar to those pro- differing in oxidability are placed in water, and 

duced by the torpedo ; 3. The production of vivid in contact with eadi other. The experinMnt was 

sensations oftaste, of soundin theearB,andoffiasheB repeAted at Vienna, and then by Volta himself, who 

of light. There was nothing new in these e&cts (it called attention to an experiment by three Dutch 

may be seen) except that their intensity was much chemists, Paets, Van Troostwyk, and Dieman, who 

exalted, and the verification of the metallic theory had decomposed water by common electricity in 

was thereby rendered more easy. Tolta attributes 1789. 

the action to the eflect of " simple contact" of the me- Volta, himself, however, did not enter with xeal (TSfi.) 
tals,allowingtotiie fluid elementnoothershareihan upon this new career; he even left to others ^Q^^**'|',' 
that of conducting sufildentiy, but not too rapidly, task of improving the form and increasing the energy ^g^tjooj 
the impulse thus excited. Having an eye probably to of his battery, which was first done by the useful torn Ma- 
Fabbroni's opinions, he insists an the superior e^ts arrangement of Cruickshank. He was now «p. polcm, ud 
obtained with saline and alcaline fluids, and with hot preaching his 60th year, and seems to have been ^^.^* _, 
in preference to cold fluids, being explicable solely not indisposed to pass an old age of ease, and to re- p 
by thor increased conducting power. He justly de- ceive in tranquillity the marks of distinction which 
•cribes the efiects of the pile as similar to those of were showered upon him. In 1801 Napoleon called 
an immense electric battery with a very feeble char^; him to Paris, attended the meeting of the Institute 
only the action is continuous, instead of intermittent, where Volta explained his theory of the pile, caused 
But the invention had scarcely become known in to be voted to him on the spot a gold medal, and 
London when the importance of the pile, as an in- sent him home with a valuable present in money, 
strmnent of discovery, was keenly appreciated in He was then made a Senator, finally a Count: he was 
consequence of one capital discovery. also made an Associate of tbe Institute in 1802. 
KiCROLSOK, a good electrician' and chemist, and No scientific discovery ever excited the enthusiasm 
' Carlisle (afterwards Sir Anthony), a medical man, of Napoleon to the some degree as that of the 
In were the first in England to construct one of Volta's Pile. He even extemporized a theory of life from 
piles. ItconsUtedfirst of 17, afterwards of 36, half- its phenomena, comparing the vertebral column 
crowns, with as many disks of zinc and of paste- in man to the pile, the bladder being the posi- 
board, soaked in salt water. Experimenting upon dve and the liver the n^ative pole. An eminent 
the electrical effects of the pile, they used a drop of medical chemist, Dr Pront, has seriously main- 
water " to make sure the contacta" upon the upper taiaed a somewhat similar hypothesis. The fa- 
plate. Carlisle first observed a disengagement of vours lavished on Volta excited, perhaps, some jea- 
gas round the wire which the water moistened, lousy amongst the French philosophers; for it is 
Nicholson suspected it to be hydn^i;en, and pro- remarkable bow little was added in France to the 
posed to break the circuit by encLosing water in a progress of the rerived science of electricity. The 
tube between the two wires. This was accordingly French ruler, however, had himself in some measure 
done on tbe 2d May 1800, within a month of the to blame for this ; for the rigid exclusion of foreign, 
arrival in England of the first four pages of Volta's and especially of English publications, for a number 
letter to Sir J. Banks, which preceded the remainder of years, was felt to be highly injurious, and was in 
by a considerable space of time. The brass wire in vain remonstrated against by Berthollet and others, 
the water tube, which was connected with the posi- Volta survived his great invention above a quar- (jg^^ 
tive end of the pile, became tarnished and black, terof a century. He died 6th March 1827, aged 82.Hiidwth. 
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C*'-) His sdentific character is easily smnmed up. He to effect what others only talked about His insbm- 

y£^ jjj^ was patient, intelligent, and devoted to science from menttd inTentions, including the pile, were his hap- 

nwt«r. youth to age. He had, in an eminent degree, that pieat efforts. His theories, on the other hand, were 

patience and tenacity of purpose and of interest surrounded, even in his own mind, with a certain 

which Newton described as the chief attribatea of his obscurity. Even the contact theory, with its manifold 

own genius. He had the candour which is more paradoxes, was perhaps only vigorously carried out 

espeoally to he desired in the experimentalist ; and by him under the excitement of an active contro- 

he wrote without pretension, and generally clearly, veray. The invention of the pile may, in very many 

though not without that diffuseness which is often respects, be placed on a par with that of the steam- 

UBOcisted with the use of the Italian lan^^ie engine. The results of ^ former were indeed more 

even in matters of science. On the other hand, his interesting, immediately, to pure science; the latter 

intellect may be rather described aa opening itself to to the arts of life and the needs of civilization. Yet, 

conviction, than as forcing its way by a native power after half a century, this distinction can hardly be 

of penetration to great results. His taste and his drawn with severity. The rapid pace of steam ia 

talent lay far more in experimental than in abstract insufficient for o^ demands. The electric vrire con- 

loaBoning. His explanations of the effects which he veys to its destination, ere the locomotive has time to 

observed were often involved and obscore ; yet he had start on its journey, tidings of joy and sorrow — life 

a very happy talent of combination, which led him and death — of victories won, and kingdoms lost 

§ 3. Sir HdmphrT Davt. Progress of Voltaic Electricity— Etectro-Chemiatry ; Berzeliua.— 
Davy's Invention of the Safety-Lamp. — ^WoLLASTOH; hU Electrical and other Observations. 
Contrast of his Character with that of Davy. 

(7sa.) The pile of Volta was, in one sense, rather a was also more than usually interesting, and his career 
HlMoij of means of discovery than a discovery itself. Volta of discovery, short, brilliant, and decisive, is at once 
Volu"* "^ ^'^ neither a just theory of the source of power one of the most instructive and remarkable of 
tlniMd. which he invented, nor was he successful in applying those which we have to consider. The contrast be- 
lt to any important research. The discovery of its tween him and his contemporary, Wollaaton, was 
chemical efficiency by Nicholaon and Carlisle, stimu- one of those curious antitheses of really great minds 
lated, as we have seen, for a short time his interest which occasionally occur in such close connection, 
and curiosity; but he never serioualy attached him- and with such prominent relief, as to compel rather 
self to this line of diacovery. His subsequent papers than invite a comparison between them. It is an 
are chiefly controversial, in support of the Contact instructive lesson to observe, how natures, the moat 
theory. The generation, as well as the expendi- unlike, cultivated in a school the most opposite, may 
ture of chemical forces by the pile, consequently re- yet, when both directed by a common impulse to 
muned, as far as he woa concerned, in complete similu objects, promote the development of truth, 
obscurity. and the cause of scientific discovery. 
(7.».) The invention of the pile having been commuui- Sir Homphby Davy was bom at. Penzance on the gj, ^^^^ 
S^'h.' "^^^ *** '^^ world through the Royal Society, natu- 17th December 1778. His was an ardent boyhood, ph^ n,^ 
W^bstm rally gave an impulse to English electricians and che- Educated in a manner somewhat irregular, and with —hit cart? 
D»Tj. ' mists. The first discoverers of its chemical energy only the ordinary advantages of a remote country town, Jj^Jll^^"^ 
did not however themselves prosecute their experi- his talents appeared in the earnestness with which he BbleguilM. 
ments to a great extent, but Cruickshanks decom- cultivated at once the most various branches of know- 
posed salts and revived the metals by the voltaic ledge and speculation. He was fond of metaphysics ; 
current, whilst he improved the form of the appa- he was fond of experiment ; he was an ardent student 
latus in an important manner. Colonel Haldane of nature ; and he possessed at an early age poetic 
ascertained the significant fact that the action of the powers, which, hod they been cultivated, would, in the 
pile cannot be continued in an atmosphere deprived opinion of competent judges, have made him as emi- 
of its oxygen. Hisinger and Berzelius, carrying out nent in literature as he became in science. All these 
Cruioksfaanks' experiments, showed that, generallt/ tastes endured throughout life. Business could not 
in the decomposition of compounds, the alcaline and stifie them,— even the approach of death was un- 
metellic elements appear to be attracted towards the able to extinguish them. The reveries of bis boy- 
negadve wire of the battery, and the ncids to the po- hood on the sea-worn cliffs of Mount's Bay, may yet 
sitive one. In the mean time, Davy and Wollaston be traced in many of the pages dictated during the 
appeared on the arena, and the former especially filled last year of his life amidst the ruins of the Coli- 
ao important a part in the history of science for the seum. But the physical sciences — those more em- 
next twenty years, that we can hardly give his name phatically called at that ,time chemical — speedily 
.too great a prominence in a review of the character- attracted and absorbed his moat earnest attention, 
iatics of the period. The constitution of Davy's mind The philosophy of the imponderables — of Light, Heat, 
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Mid Electricity — wu the Habject of }us earliest, and seemingly without order, sereral inrestigatitHu at 

also that of his happiest essays. He was a very able once. As in conversatioii he is described as seem- 

ehemist in the strictest sense of the word, althongh ing to know what one was going to say before utter- 

hisardonr and his rapidity of generalizing might seem ing it, — he bad the art of divining things complex 

to unfit him, in some measnie, for a pursuit which and obscure. Seizing on results, be left to others the 

requires such intense watchfulness with regard to mi- uot-inconsiderable merit, aa well as labour, of pur- 

Botiie, such patient weighings of fractions of a grun, suing the details. Keenly alive as he was to the 

snch frequent though easy calculations. To Caven- value of fame, and the applause which bis talents 

dish and Dalton, his great contemporariea — -to whom soon obtained for him, he left enough of both for his 

we may now add Wollnston — these things were a friends; his contemporaries, as well as bis successors, 

pleasure in themselves ; to Davy they must ever bave were enabled to weave a chaplet trom the laorels 

been irksome indiapensables to tbe discovery of truth, which be had not stooped to gather. 

But, in fact, Davy's discoveries were almost indepen- These remarks apply quite as strongly to his dis- (761.) 
dent of such quantitative details : Numerical rela- coveries in the laws and facts of electro-chemical de- K*"""*** 
tions, and harmony of proportion, did not affect his composition — those an which his fiune most securely Hg^-^i j^. 
mind with pleasure, which possibly was one reason rests. Promoted in 1601 to a situation in the Labo- ttltattnit— 
of his deficient appreciation of works of art, the ratoryof theRoyal InstitutioninLoDdon, bBattached*'P*'^' 
more remarkable from his poetic temperament, himself to the study of galvanism in tbe interval of "^^g*"* 
Dalton's doctrine of atomic combinations was (as we tbe other and more purely chemical pursuits which gUctrtcltv. 
hare seen) slowly and doubtfully received by him tbe duties of his situation required. He bod already, 
whilst Wolloston perceived its truth instantaneously, at Cliftou, made experiments with tbe pile of Volto, 
A keener relish for such relations might most natu- and taken part in the discussion of its theory and 
rally have led Davy to an antirapation of Ur Fara- effects, then (aa we bave seen) so actively carried on 
day's notable discovery of the definite character of in Britain. In bis papers of that period we find not 
electrical decomposition, and the coincidence of the only excellent experiments, but happy and just rea- 
Electro-chemical proportions for difierent bodies with soning. The chemical theory of the pile — namely, 
their atomic weights. that the electrical eSkcU observed by Galvani and 
Hb first '^^ eorly papers of Dovy refer chiefly to Heat, Volta are due solely or chiefly to the chemical ac 
paparm, wid I^ght, and Electricity. He was, in fact, a physicist tion of the fluid element on tbe metals — was more 
•xpar[- more than a chemist. Whilst yet a surgeon's ap- strongly embraced by him then than afterwards. In 
maul* oa prentice at Penzance, he satisfied himself of the im- November 1800 be concluded that " tbe pile of 
o,ld«. materiality of heat, which he illustrated by some in- Volta acts only when the conducting substance be- 
genious experiments, in which, concurring unawares tween the plates is capable of oxidating the zinc ; 
with the conclusions of his future patron Bumford, and that in proportion as a greater quantity of oxy. 
he laid one foundation of his promotion. Removed gen enters into cmnlnnation with tbe zinc in a given 
to a sphere of really scientific activity at Clifton, time, so in proportion is tbe power of tbe pile to de- 
under Dr Beddoes,' be executed those striking re- compose water and to give tbe shock greater." He 
Bearcbes in pnenmatic chemistry and the physiologi- concludes .that " tbe chemical changes connected 
cal effects of breathing various gases which gave him with" oxidation " are somehow the cause of the elec- 
his first repntation ; researches so arduous and full of trical ef^t it produces,'" His views on this sttb- 
risk as to require a chemist in the vigour of life, ject underwent some modification afterwards. , In 
and urged by an nnextinguisbable thirst for dis- his Eltmentt of Chemical Philosophy, fuh\wheitwclvB 
coveiy, to undertake them. Even his brilliant dis- years later, we find the following statement of his 
covery of the effects of inhaling nitrous oxide brought opinions on the subject: — " Electrical effects are exhi- 
ao competitor into the field; and the nse of onies- bited by tbe same bodies acting as mosses, which 
theticB, which might naturally have followed — the produce chemical phenomena when acting by their 
greatest discovery (if we except, perhaps, that of particles ; it ia, therefore, not improbable that the 
vacdnation) for the relief of snaring humanity primary cause of both may be the same." A little 
mode in any age — was delayed for another generation, further on he adds ; — " Tbey," speaking of electrical 
But so it was in all his triumphs. He never seemed and chemical energies, " are conceived to be dit- 
to drain the cup of discovery. He quafied only its (tnc< phenomena, but produced by tbe lame pow«r 
freshest part. He felt the impulse of an unlimited acting in the one case on masses, in the other on par- 
command of resources. He carried on rapidly, and ticles,"* 

> DaTy hit off hig prlnclpal'i characUr ia a liDgla leDteiice, — " B«ddDO« bad talaoU wbtch would hava aialted bim to tba pia- 
lUcU of philotophical gminuica, if thsj had been applied with discretion." 

■ Workt, li., 162. 

* Worb, iv., 119. In hii Bakarian lecture (1B06), he had Mid, •■ In tha proHDt atata of onr knowledge it would b* asalaN 
to attanpt to apaculata on tbe remote eaue of the electrical energy, or the reaton why different bodiea, after heiog brought Into 



ba Idautkal with it, and an awantial property of natter!"— IFvrii, vol. t 
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(^^') Ehetro^hemieal Theory — Deeompontion of A« /rotn one paniele to anothor partide of the saBe kind 
,;l^,g,l^ AUaiie*. — In 1804 Benelios faadpubliahed, in eon- >o u to eatabliah a eondncting chain in the Suid, 
tlMorj— jonctionirith Hisinger, r paper on Electro-chonical aod that the locomotion takea place in oonMqaenoe;" 
Bsnelliu, Decompositions, in which he insiBted on the general and presentlj adds, " there may poesibly be a sncMs- 
Q^^^*'~&ct,thatalcaliee,earthi,sndcotnbiutible bodies seem sion of decompositions vmI recooapoaitions throDgk- 
flrat B&ke- ^ be attracted to the negative pole, and oxygen and nnt the fluid" (p. 29)> He likewise shows (p. 21) 
rian lw> acids to the positire. He also showed that the snb- that the decomposing power does not reside in the 
*"*" divisuMi of bodies thus obtained was only a relatiTe wire or pole, bat may be extended indcGnitiTelj- 
not an abeolnte one ; for the same body may act through a flnid medimn capable of conducting elec- 
as a base to a second, and as an add to a third, tricitj. Mr Faraday's experiments, wUdi led him to 
But we must obserre that results almost similar discard tiie term pole, lead to the same conelnsion, 
were contained in the early papers of Davy, and and are of the same character, A few pages fnrther 
that Benelius did not carry oat his own principle on in this same Bakerian lecture, Dary obserres (p. 
so fur as to lead to any striking discovery between 42), that " allowing that combination depends on a 
1803 (when his experiments were made) and 1800 balance of the natural electrical eneigies of bodies, 
(^ date of Davy's first Bakerian lectnre), during it is easy to conceive that a moaturs may be fbnnd 
which time the science of Galvanism or Voltaism of the artificial enei|;ies as to intensity and quantity 
made little real prc^resfl. The nnmerous experi- capable of destroying this etpulibrium ; and such a 
BMnters engaged with it were baffled by the anoma- measure would enable us to make a scale of electrical 
Ions chemical results obt^ed, and by the appearance powers corresponding to d^;rees of affinity." Here 
of deeompositions under cireamstaDces wholly unex- we see the acute presentiment of the beantifol disco- 
pected, such as appeared to threaten the existence (^ very of the definiteness of electrical decomposititms; 
some of the best established chemical truths. The as in the concluding portion of the same remarkable 
chemical theory of the pile, at first so plausible, pre* paper we find a clear anticipation of natural eleo- 
sented new ditfienltiea, and Berzelius having for a trical currents to be discovered in mineral, and espe- 
while defended it, retamed to the simple contact cially metalliferous deposits, since established by 
theory of Volta. It was then that Davy seriously Mr R. W. Fox, and of the agency of feeble electtio 
addressed himself to the subject, resolved to trace energies, long continued, in eSecting geological chan- 
to their source every chemical anomaly; and this ges,andinproducinginBolnbleeombinationsofeartha 
he e^ted in & masterly manner in his Bakerian leo- and metals, so ingeniously confirmed by the beautifvl 
tore read before the Royal Society in 180S. In it he and direct experiments of Becquerel. 
traces the unaccountable results of his predecessors to The sequel to this remarkable paper, read to the (76S.) 
impurities in the materials used by them, or to those of Boyal Society in Kovember IS 07, contained the iplen- Sewnd Ba- 
the vessels in which the decompositioitB were made ; did (plication of the principle and methods which it ^{^^J^ 
and he brings into a far distineter light than his pre- described, to the decomposition of the alcalies and to Dompori- 
deceesots had done, thepower of the galvanic circuit the discovery of their singnlar bases, — substances po-tlon of ib« 
to suspend or reverse the action <tf even powerful sessing the lustre and malleabili^ of metals, yet so "lo"*** 
chemical affinity; "diSerent bodies naturally pos- light as to float upon water, and having the extnordi- 
sessed of chemical affinities appearing incapable of nary property of becoming inflamed in contact with 
combming or ofremoiningin combination when placed ice. Potassium was discovered in the Laboratory of 
in a state of electridty different from their natural the Royal Institution (» the 6th October 1807, and 
order," We here see the fundamental doctrine of sodium a few days later. The battery used ocn- 
tbe electro-chemical theory, that all bodies possess tained 250 pairs of plates of 6 and 4 indies square, 
a place in the great scale of natural electrical rela- Buch success was fitted to charm a dispodtiaa like 
tions to one another ; that chemical reactions are that of Davy, and more than reward him for all his 
intimately connected with this electric state, and are toils. To have discovered two new bodies, and 
saspended or reversed by its alteration. opened an entirely new field of vide chemical re- 
jJJ^J"' In the interpretation of those striking experi- search, would itself have been enough. But the 
ga^n, ments, in which he caused adds to pass to the posi- extraordinary properties of the new bases were such 
indncdoiu tive pole of the battery through the midst of alealine as seemed to correspond to the lively imagination 
"fP*'''^ solutions, and the converse, we find so close an ap- of the Chemist who produced them, and to transport 
^^ proaehto the tfieory of polar decomposition as enfor- him to an Aladdin's palace more brilliant than eren 
ced by the discoveries and reasoning of Mr Faraday, his fertile im^nation had evw conceived. Yet it is 
that it seems impossible to deny to Davy the merit pleasing to remember that these popular discoveries Heraivata 
of having first perceived these curious relations, followed, at the interval of a year, the patient and uf^^^^ 
" It is very natural," he says, " to suppose that the able researehes which led him to them, and which tats of 
repellant and attractive energies are communicated had already been rewarded, at a period of the bitter- PranM. 



> Of th* BaJtarUn Lactwa, In bis ooUacted Work*. 
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eat international hostilities, hy the scientiGo prize of or since for such a wotlc. In 1812 he was knighted 
3000 francs, fonnded by the Emperor Napoleon.* bj the Prince Begent, and soon after he married a 
(TW.) ii<i,0 genias displayed in these, Davy's most cele- lady of fortnne and oocomplishmenta. His duties at 
eiOtiMd brated researches, is evident on a careful perusal of the Eoyal loatitution became thenceforth honorary. 
tMtEmoiilw his papers; but still more from a consideration of the He had in a space of ten years attained the pinnacle of 
to bU state of science of the time, and of the willing tribute scientific repntation, and he vas for the time truly 
" "* " to his merits paid by the ablest of his contempo- happy : — nnenvious of others — deeply attached to 
raries. Few persons of the present day will venture his relatives — generous of hia resources — unwearied 
to controvert the assertion of his acute contem- in his philosophic labours. A certain change (it 
porary, Dr Thomas Young (than whom no man was must with regret be owned) came over his state of 
ever a less indiscriminate eulogist), that Davy's mind, tarnished his serenity, and gradually though 
researches were " more splendidly snccessful than imperceptibly weakened his scientific zeal. It was 
any which have ever before illustrated the physical to be ascrib^ solely, we believe, to the severe ordeal 
acieDoes, in any of their departments ;" and that the of eruberant but heartless popularity which he un- 
contentsof the £ait«ruinX«eeurM, in particular, "are derwent in London. The flatteries of fashionable 
as much superior to those of Newton's Optiet, as the life acting on a young, ardent, and most susceptible 
i'rineipia are superior to these or any other human mind, mingling first with the graver applause of his 
work.''" A not less impartial tribute to hissnperla- philosophic compeers, and at length, by their reitera- 
tive genius has been yielded by U. Dumas, who, if I tion and seductions quite overpowering it, by degrees 
mistake not, has described Davy as being the ablest attached Davy to the fashionable world, and loosened 
and most successful chemist who ever lived. A si- his ties to that laboratory which had once been to him 
milar homage is paid to him by the sagacious Cuvier, the sole and fit scene of his triumphs. Hod he been' 
(7flT.) It is not within our scope to consider minutely blest with a family, his course would probably have 
Cb>mical Davy's purely chemical discoveries and experiments, been evener and happier. Let uh not severely criti- 
«o cblo-** thoi'Eh t^^7 '"^'^ numerous and important, indepen- cise, where we still Hnd so much to admire and to imi- 
r<n« ud dently of those made with the aid of electricity. His tate. But we record the fact, for the consolation of 
lodlna. proo& of the elementary nature of chlorine and iodine those who, beginning the pursuit of science, as Davy 
were amongst the moat oonaiderable in their results, did, in a humble sphere, and with pure ardour, may 
But as a mere analyst, Davy had neither the leisure fancy that they are worthy of pity, if they do not at- 
nor the taste for continuous pi oddii^ labour, and tain with him the honours of wealth and title, and the 
he therefore naturally made mistakes in chemical homage, gratefol to talent, of rank, wit, and beauty, 
details. His Eleraentt of Chemieai PhUotopKy re- A research, second perhaps only to his electro- (769.) 
mained, in consequence, a fragment of an exten- chemical discoveries, remains to be noticed, '>b^<!?''J^^ 
sive work. His contemporary, Benelios, following chief fruit of the third period of his life, on which we |jf^ " 
his steps in electrochemical discovery, attained far now enter ; the fir»t being his early career before 
greater address, and became an author of high and settling in London ; the lecond, that passed in the 
merited reputation, whilst his school Burpassed all , Royal InstitnUon. 

othersinEuropeinproducingaccomplishedanalysts.* Retearehei on Flame — Th« Safetg-Lamip. — ^The (770.) 

(76S.) The years immediately following tiie publication of subject was, the laws of combustion, and the happy Bewarchw 

D>*t'' «■ his Bakerian Lteturet were passed by Davy in the invention of the safety-lamp. Though intimately tj„ irfstj. 

paUritT ^ envied possession of the highest fame, and in the connected with the doctrine of simple heat, it may, lunp. 

ud ita tranquil ^rtherance of his first and greatest disco- most properly, from its chemical character, and 

rssi'l's- veries. His lectures at the Royal Institution con- from its connection with Davy's history, be considered 

tinned to be one of tiie most fashionable resorts in briefly here. The lamentable loss of life occurring 

London, and he was freely admitted in return into in coal mines from explosions of fire-damp or inflam- 

themost aristocratic society; he bad but to express a mable air disengaged from the workings, had for 

wish, and a voltfuo battery of no less than 2000 pairs, many years attracted the attention and sympathy of 

containing 126,000 square inches of surface, was con- the public, and had likewise been carefully considered 

stmcted for his use, by means of a liberal subscrip- by scientific men. The explosive gas was known to 

tion. His health, when seriously compromised by be the light carbnretted hydrogen. Two plans alooe 

the severity of his labours, was a matter of public seemed to present themselves for diminishing the 

concern, and its variations were aoDonnced by frequent danger,- — the one to remove, or chemically to de- 

bulletiiis. The copyright of his lectures on agricul- compose the fire-damp altogether ; the other, to pro- 

tnre vras sold for a price unexampled perhaps before vide a miner's lamp which, by its construction, should 

' Sooh wu tba lutional feeling >t thli time in EngliDd, that worthy people weie found who ooDildsred Devy ■• elmoet a 
fataltor, when ha accepted tbe FreDch prlie. See Sodthey'a Li^. 

■ QMTMrjy AevitW, Ko. IS. 

2^1^^^ * J6ni Jacob Beruline, the greateit usljtioil chamlit of hU day, was bom in EaM Gothland, In the aame fear witb Devy, 
and died In 1818, when be had almoat completed liii S9th yav. He Mntributed, in ■ signal manner, to tha eatablUhment of 
Dalton'i prindple of deflnita cbemical eqniTklenta i but ha made no single diKorary of commanding Importance. 

VOL. I. 6 fi 
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be iacftpable of caosing exploaion. The f(«mer of carbnrettod hydrogen does not tahe fire under s per- 
these modes ofprotection.it was soon Been, could onlf feet white heat. The earliest safetj-lMop eonsisted <tf 
be palliative ; the only efficient fbnn which it took, a lant^n with horn or glass aides, in which a cnrrent 
was that of a more effectual ventilation ; but the t«r< of air to supply the flame was admitted below by 
lific rapidity with which a mine may be suddenly in- numerous tubes of small diameter, or by narrow in< 
Taded by fire-damp, from channels opened by a single terstices between concentric tubes of smne length ; or, 
blow of the pickaxe, must prevent it from ever aoi- finally, by rows of parallel partitions of metal, form- 
ing as a curd. The latter plan had as yet yielded ing rectangular oanals extremely narrow in propor^ 
nothing more efiectoal than the Heel miU long used tioa to their length. A similar system of escape 
by miners, which produced an uncertain and inter- apertures was applied at the top of the lantern, 
mitting light, by the rota^n of a steel wheel against With characteristiG ingenuil;, Davy did not stop -,^'?J?^ 
a Bint, the scintillations of which were incapable of here. He continued to reduce at once the apertures lamppt? 
inflaming the fire-damp. Tha insufficiency of the and length of his metallic guards, until it occurred {«eted. 
light prevKited it &om being used, except in circum- to him that wire gaute might, with equal effect, and 
stances of known danger. The celebrated Baron far mora convenience, act upon the temperature of 
Humboldt, Dr Clanny, and several others, had in- flame, so as to reduce it below the pomt of ignition, 
vented safety-lamps on different pinciples ; but they sod thus effectually stop its communication. The ex- 
were all clumsy and more or less ineffectual. >- periment was succeesful, and by the 9th November 
(771.) At last, in the summer of 1816, the Rev. Dr 1815, or within about ten weeks after his first experi- 
HIsbirjrof Qj^j (afterwards Bisht^ of Bristol), then chair- ments, an account of the safety-lamp defended by wire 
don of tha '"'^ '^^ * committee appointed by a benevolent as- gauze was presented to the Boya) Society. About two 
nftt/ sociation at Bishop Wearmouth for the prevention of months later he produced a lamp entirely enveloped 
1*™?' colliery accidents, applied to Davy, who was then on in metallic tissue. 

a sporting tour in Scotland, requesting his advice and There are none of Davy's researches which (7TS.) 
assistance. Sir Humphry answered the call with will stand a closer scrutiny than those which ter^ *^°'"|^^5^ 
promptitude. On bis southward journey, in the minated thos successfully. No fortuitous obeer- fg, ^mUar 
latter part of August, he visited the collieries, ascer- vation led him to conceive a happy idea and toin*eitig«- 
twned the circumstances of the danger which he had apply it to practice. A great boon to humanity ^'^ 
to meet, and was |H^vided by Mr Buddie with speci- and the arts was required at his hands ; and without 
mens of the inflammable air for examination. Within a moment's delay, he proceeded to seek for it under 
a fortnight after his return to London, he had ascer- the guidance of a strictly experimental and induc- 
tained new and important qualities of the subetance, tive philosophy. Without, perhaps, a single folse 
and had already four schemes on hand for the pre- turn, and scarcely a superfluous experiment, he pro- 
vaitioB of accident. Before the end of October, he ceeded straight to his goal, guided by the prompt- 
had arrived at the following priacipleB of operatioa ingsof a happygenius aided byno common industry. 
in connection with a safety-lamp. " First, A certain The chemical, the mechanical, and the purely physi- 
mizture of azote and carbonic acid prevents the ex- cal parts q£ the problem were all in turn dealt with, 
plosion of the fire-damp, and this mixture is neces- and with equal sagacity. It may safely be affirmed 
sarily formed in the safe-lantem ; secondly, The fire- that he who was destitute of any one of these qnali- 
damp vnii not e^lode in tubes or feeders of a certain fications must have foiled in attaining the object so 
smaU diameter. The ingress to, and egress of air from ardently desired, unless by the aid of some race good 
my lantern," he adds, " is through such tubes or feed- fortune. We have it on Davy's own authority, that 
era ; and, tberefore, when an explosion is artifiiially mine of his discoveries gave him so much pleasure 
made in the safe-lautem, it does not communicate to as this one. His whole character possessed in it 
the external air," The effect of narrow tubes in inter- much of a sympathizing and generous humwiity; 
cepting the passi^ of flame, is due to the cooling efiect his ideas of the dignity of science were from the first 
of their metallic sides upon the combustible gases of (as his researches in I^ Beddoes' laboratory showed) 
which flame is composed ;' and one of his first and intimately connected with the um of advancing the 
most important observations was the fortunate pecu- wel&re, and of diminishing the misfortunes of msn- 
liarity that fire-damp, even when mixed with the kind ; the rapidity and singular success of his inves- 
omountof air most favourable to combustion (I part ligation in the case of the safety- lamp, kept his ardent 
of gas to 7 or 8 of fur), requires an unusually high soul all alive, and afforded him the triumph of a £h- 
temperature to induce combination. Olefioot gas, reka at its completion. To these sources of inward 
carbonic oxide, and sulphuretted hydrogen, are all in- gratification was added the unstinted meed of praise 
flamed by iron at a red heat, or ignited charcoal, but bestowed on him I7 his oon temporaries. Playfitir, 

* I b*ve ipolc«D Id Art. 393 at tbe independent uid InganioQ* effioHa of Georg* Stepbeotoo t-K-Arda the iDVBDtioo of a nftty- 
Ump caniemporuiwiuly with ttaoM of Dtvy. 

■ ThU fact bad bean laeartBiDed loma jaan prcvloaalj, by Mr TaoiMiit wid Dr WoUutoD, bst U ram^ned luipublUliad, and 
waa not applied by them to tha pnvantiiui of colllaij axpkwona. 
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" the trae and amiable philosopher," u Davy long being too effectnal, other and opposite injurious 

before described him, thus proclaimed his victory in effects having been found to arise. 

the Edinburgh Hewew: — After describing the course Davy was elected President of the Boyal Sodety (777.) 
of a discovery "which is in no degree the effect of ac- in 1820, in the room of Sir Joseph Banks, who ^^p!!Ijd**. 
cident," he adds, " this is exactly sneh a case as we held the office for 42 years. It was a distinguished ^r tha 
should choose to place before Bacon were he to r&. compliment, for the etectioa was all but unanimous. Bo7*l Bo- 
visit the earth, in order to give him, in a small com- He continued to communicate papers for several ciBty— hli 
pass, an idea of the advancement which philosophy years subsequently ; but bis energy, his temper, and, 
has made since the time when he bad pointed out to finally, his health began to give way — showing that 
her the route which she ought to pursue. The re- the ardent labours of his youth and prime had in- 
sult is as wonderful as it is important. An invisible jured his constitution. Attacked with paralysis in 
ftnd impalpable barrier made edectnal against a force 18(17, he spent his last years chiefly abroad, and 
the most violent and irresistible in its operations ; died at Geneva (where he was buried), on the 29th 
and a power that in its tremendous eflbcts seemed May 1829. 

to emulate the lightning and the earthquake, con- The character of Davy was a rare and admir- (778.} 

fined within a narrow space, and shut up in a net of able combination. The ardour of his researches, and PljllowpU- 

the most slender texture — are facts which must excite the deep devotion of his whole being to scientific in- 1^ 

a degree of wonder and astonishment, from which vestigatioo, have been already proved. They had the 

neither ignorance nor wisdom can defend the be- effect of completely annihilating every baser passion. 

holder." He valued property only in so far as he could apply 

(774.) For this truly patriotic labour, the only national it usefully ; and his disinterestedness with respect to 

Bawuds. testimony which Davy received was the inadequate the fortunes which several of his practical discoveries 

one of a baronetcy, which was conferred on him by might have honourably earned, was one of the moat 

the Prince Begent in 1S18; but his real triumph striking parts of his character. His fiincy was dis- 

and great reward were in the enthnsiastie apprecia- cursive to a degree rarely met with in men of science. 

tion of his entire success by those on whom he had He continued to write poetry nearly all his life, and 

disinterestedly conferred so great a benefit. A te»- the tone of it was that of grave speculation, always 

timonial, in the form of a service of plate, of great reverting to the destiny of man and the beneficence 

value, was presented to him by the coal-owners of of the Creator. His loctnres were composed with 

the north of England. care ; and their effect, even as pieces of oratory, was 

(77S.) Davy's researches on flame were intimately striking. Coleridge frequented them " to increase 

Davy u^ connected with his electrical and chemical discove- hie stock of metaphors ;" — ^yet they were always to 

vold*^* "^' ^^ remodelled Lavoisier's theory of combns- the point, and never degenerated into rhetorical dis- 

tbMirr of lioBi B°^ P^*^ ^^ f*^ to the distinction between com- pl&7- For a man of such extraordinary liveliness of 

eombiw- bustibles and supporters of combustion. Chemical fancy and impetuosity of action, hb mistakes were 

™'^ combination, effected with great energy, and occom- astonishingly few, AfW his very first experience, 

panied by a high temperature, is essential to com- his publications were mode with great core and judg- 

bastion, and either element of the combination is ment. Hia estimates of his contemporariee appear 

equally entitled to the denomination of combustible, generally to have been fair and liberal, though it 

Guided by the electro-chemical theory, Davy appears would be incorrect to affirm that he was universally 

to have thought that the heat of flame has an elec- popular among them. The combination of isolated 

tricol origin. and intense occupation in his laboratory, with ex- 

(776.) ^^^ ' must hapten to close this section. Among dtement in the mixed society of an admiring London 

D«Tj'» the labours of his latter years, there was none which public, was a trial which few, if any, could have 

^!^°" interested Davy more, or which reasonably promised escaped better than he did ; and so &r as we can 

^ more useful results, than his plan for protecting the jndge of a man from his expressed opinion of his 

copper sheathing of ships from the corrosive action own successes, whether recorded in his works or in 

of sea water, by affixing plates of zinc or iron, which his intimate correspondence, Davy must be accounted 

■houldrendertheeopperslightly electro-negative, and to have acquitted himself gracefully and well. He 

thus indispose it for combining with acid principles, always spoke of the Pile of Volta as the first source 

It is a somewhat singular fact that Fabbroni, about 30 of his own success. " Nothing tends so much to the 

years before, had instanced the corrosion of copper advancement of knowledge as the application of a new 

•heathing near the contact of heterogeneous metals, instrument," he says ; and then odds, " The native 

as an instance of the chemical origin of galvanism.' intellectual powers of men in different times are not 

Davy's experimmts were conducted with his usual so much the causes of the diftrent success of their 

skill and success, and the remedy only failed of labours, as the peculiar nature of the means and 

general adoption on account, it may be said, of artificial resources in their possession ;'* a proposition 
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which he applies to his own discoveries. But we art of reuderiag pl&tinam malleable, which has con- 
may truly say with one of his biographen, that to ferred inexpressible benefits on chemistry, and on the 
faim " the Voltaic apparatus was the golden branch arts connected with it The prinuple of the refletv 
by which he subdued the spirits that had opposed the tion of a ray of )ight for measuring; angular spaces, 
advance of previous philosophert ; but 4hat would thongh it existed already in the single instance of the 
its possession have availed him had not his genius, sextant, has been, since it was applied to the gonio- 
like the ancient sybil, pointed oat its use and appli- meter, adapted to a multitude of most iDgeuious and 
cation?" valuable contrivances. 
(77B.) The last, and not least, extraordinary characterise Wollaston was an excellent optician, and of some (T8S.) 
Kumirau ^[f. gf Qayy to which I shall now advert, was the of his observanoni I have already spoken (470)i 
EiTMitioi».^^'S'''7P™'''''^*"'"''*^ *'"'■"' which seemed formed (638). 

in a speculative mould. Four at least of his chief The strong points of his character were precision (7^i 
researches were of this kind — bis experiments on and rare acuteness in observation, patience and cau- ^^^^ ^^ 
breathing the gases ; his lectures on agricultural tion in deduction, and habitual devotion of his timeirHtad 
chemistry; his invention of the safety-lamp; and and energies to scientific pursuits. His foibles were *l(li that 
bis protectors for ships. No man, whose path so an exeat of caution, and a certain microscopic tnm'^ Davy, 
clearly lay in original discovery, ever left so many of mind which, though it sometimes rewarded him 
valuable legacies to art and to his conntry, with valuable discoveries, consumed bis time in oc- 
cupations of mechanical ingenuity, and prevented - 
(780.) Thename of Davygave to England adistingnished him from grappling with aJmost any of the great 
DiTj'i M- pre>eminence in science during the first 26 years of theories of his day. An exception, yet one which 
younKVad ^^^ century. But two others, less noticed at the time, illustrates his character, may be found in the &ct 
WoUxtoii. were also among her worthiest sons. These were that he had all but anticipated Dalton in his disco- 
Young and Wollaston. They were all three nearly very ofthe multiple combinations of salts, whilst, with 
contemporaries; all livedongood terms with one an- his characteristic sense of justice, be disclaimed any 
other, and united in promoting natnral knowledge in partictpation in the merit (624). While Davy wasde- 
their several spheres. Young was Davy's early, lighting crowded audiences with bis eloquence, bis 
though less successful colleague at the Royal Institu- discoveries, and their wonderful results, Wollaston 
tion ; and Wollaston was joint- secretary with him was pursuing his solitary experiments on a scale so 
-to the Royal Society. All three were originally small that scarcely three persons could witness them 
educated for the medical profession, and they all at once. While Davy was firing his potassium with 
abandoned it for the pursuit of science. Not the ice, and making mimic volcanos heave by the oxido- 
least singular coincidence was in the periods of tion of his new .metals, Wollaston was eitract- 
their deaths, which all occurred within the space of ing, by minute analyses, from the refractory and 
six mouths. nnozidable ores of platinum, substances previously 
(TBI.) Our notice of Young, the first optical philosopher undetected, which, neither by their quantity nor 
H^d^'w °^ ^^' ^^' '^'^^^S' ^ another chapter. Wollaston, their characters, could ever interest any but a man 
lJ!ion_l,i, though an original observer in nearly every branch of science. While Davy was charging his prodi- 
eoDtriba- «f exact science, considered himself as a chemist; gious Lattery of 2000 pairs, — the lai^est which 
tioai to _ and Jiig observations on Electricity were amongst his has ever been constructed (a homage to his ge- 
*° "'^'fint and best contribntions to science. After the nius, provided by his numerous admirers), — Wol- 
impulse given to discovery by the invention of the laston was proving, after his fashion, how similar 
File, and the proof of the decomposition of water, effects could be produced by the very same agency 
Wollaston undertook to compare critically the effects on a small scale ; and with no greater apparatus than 
of galvanic and fnctional electridty — a task of some a shred of zinc, afewdropsof add, and an old Viimbh, 
nicety, and of very great importance at a time he would gratify his friends by exhibiting the mimic 
when it could hardly be considered as certain that glow of an almost microscopic wire of platinum, 
these agents were not specifically different. By Davy seemed bom to believe ; Wollaston to doubL 
methods peculiarly his own, he produced decomposi- Davy was a poet; Wollaston, a mathematician, or, 
tion, accompanied with separation ofthe elements at at least, capable of becoming a great one. Davy 
the respective poles by means of common electricity, announced his discoveries in fiery haste, and pre- 
He at the some time gave his powerful support to seated all their consequences and corollaries as a frea 
the purely chemical theory of the File. gift to mankind ; Wollaston (estimating more truly 
(782.) His most important inventions were rather in- the rarity of the inventive faculty) hoarded every oV 
and tba struments which, in the hands of others, were to servation, turned it over and over, polished it, ren- 
otbar aci- projuf^ important discoveries, than discoveries in dered it exact beyond the reach of criticism, and 
themselves. One was the invention of the Reflect- then deliberately laid it before the world. He hod 
ing Goniometer for measuring the angles of crys- the coldness and the accuracy of Cavendish, but he 
tals, DOW so essential to mineralogy ; another, the wanted the spur of his genius, and the wide grasp 



y Google 



Chap. VII., § 4.] ELECTRICITY. — WOLLASTON — 0EB8TED — AMPERE. 973 

of hiB apprehension. Among other legitimate re- circle who a>nld appreciate the resources of a mind 

suits of discovery, Wollastoa was not unwilling to rarely opened in confidence to any one, and of which 

claim for his own the material profits which such the world was only partially informed, 
researches sometimes, though rarely, yield; whilst Wollaston wasbomin 1768,anddiedinDecember (7BS.) 

Davy, as we have seen, spumed every possible attri- 1828. The composura of his end rivalled that of * J***- 

bution of an interested motive. Davy never made Black and Cavendish. His disorder was one of the 

a shilling in bis life, save as an author or a lecturer brain. Whcu he had lost the power of Bpeecb, his 

(except as paid assistant to Dr Beddoes) ; Wollaaton attendants remarked aloud that be appeared uncon- 

realized a fortune by his art of working platinum, scions. Making a sign for a pencil and paper, he 

Davy was admired by thousondB both at home and wrote down a column of figures, added tbem up ooi- 

sbroad; WoUastonwas little known except to a small rectly, and expired. 

§ 4. 0£K8TED. — Ahpeke. — Dtseovery of Sl^lro-Magnttism — Eleetro-Dynamte Theory — 

Ditcovery of Thermo-EUetricitif ; Sbebbck. The Qalvanomei^ of Schveigger and NobUL 

(78S.) Hans Chbistiak Obrsted was bom in Langelaud, So &r as I know of its contents (for I have never 

Oentsd one of the Danish isles, on the 14th August 1777. seen a copy), it does not contain anything beyond 

rendered Qf ^j^ jj might almost be said that " on awaking indefinite anticipations of the real identity of electri- 

% (ingla one morning he found himself famous." The single city and magnetism. In this, indeed, there was no- 

dliMvarj. discovery of the mutual action of magnets and etec- thing new. Compass-needles had been seen to be 

trie conductors gave him a celebrity which a life-long reversed by lightning ; electric shocks had been 

devotion to science has oflener than the contrary passed through steel without any certain effect ; and 

failed to secure. Van Swindcn had published a work in three volumes 

(767.) Vet in this, and perhaps every similar case, it will expressly on the subject, containing the results of a 

be found that brilliant, and, as the world, or Jealous mass of ingenious failures. Kor, perhaps, can we 

rivals esteem it, fortunate success, was not the result give Oersted credit, at that early period, for a more 

of an isolated effort, but was connected with a long distinct apprehension of the relation so anxiously 

career of patient though comparatively obscure I&- sought For, than was possessed by several of bis con- 

bour. temporaries. His belief is said to have been grounded 

/7gg \ At the age of 20, Oersted, whilst yet a student at on the notion, that " if galvanism be only a hidden 

Biaakrly the University of Copenhagen, became an author, form of electricity, then magnetism can onli/ beelec- 

■tudiM. His first publication was a prise essay on an lesthe- tricity in a still more hidden fbnn" — a syllogism 

tical subject. Being intended for the medical pro- which, if it satisfied Oersted's metaphysical friends, 

fession, he soon after wrote some chemical papers, would hardly be accepted as demonstrative in the 

and, in 1801, his first " On Galvanic Electricity." laboratory ; and, after all, it suggests no one form of 

But his turn of mind at this time, as well as later, relation rather than another. 

was of a strongly metaphysical cast, and of course Professor Forchhammer, the friend and pupil (7B0.) 

tinctured with the peculiarities of the German of Oersted, states that, in 1818 and 1819, it was ^''^'?^ 

school as regards the study of physics, of which well known in Cop^ihagen that be was engaged eiectN- 

the title of his thesis on gniduation may be given in a special study of the connection of magnetism magnetiim. 

as an instance ; — It was On the Archittetomela of and electricity. Yet we must ascribe it to a happy 

Natrtral Mttaphytia. His studies in voltaic elec- impulse — the result, no doubt^ of much anxious 

tricity were made chiefly under Bitter, an obscure thought — that, at a private lecture to a few advanced 

and mystical writer, though the author of some cu- students in the winter of 1819-20, he made the ob- 

rious experiments on what wero called Secondary servation, that a wire uniting the ends of a voltaic 

Piles ; and he at length obtained, in 1808, a pro- battery in a state of activity, a%cted a magnet in 

fessorship in his own university ; but his associates its vicinity. It was in the fact of the circuit being 

appear to have been rather literary than scientific closed, that the main difierence consisted between this 

persons, such as Stefiens, Oehlenschlager, Niebuhr, andpreviousattempts, in which galvanic pairs or bat- 

and Ficht« ; be also engaged in controversies of a teries not connected by conducton were expected to 

theological tendency, which, to the end of bis life, show magnetical rotations, though, in such a case, 

appear to have bad a great attraction for him. the electricity was evidently st^;nant. 
(7gg.) In 1812 Oersted visited Berlin, and published Some mystery hangs over Oersted's apprehension (7si.) 

Ilia ftnt there a work on Chemical and Electrical forces, tend- of his own experiment. It seems difficult to believe DeulU ra- 

rili''"dt*'"'"^*** prove their identity, which was translated into that he clearly saw its significance. Unlike Davy, 'P^*'" 8 '*■ 

French by Marcel de Serres. The author afterwards when he first saw the fiery drops of potassium flow 

looked back to the period of the publication of this under the action of his battery, and recorded bis 

treatise as the dawn of his electro-magnetic discovery, triumpbin afew glowing words in hia laboratory jour- 



y Google 



974 



MATHEMATICAL AND PHYSICAL SCIENCE. 



[Diss. VI. 



nal, Oersted took no immediatfl meaaures either to 
complete or to publish his discoTer^. Some months 
appear to have elapsed whilst waiting for the conre- 
nience of a larger battery before he repeated the ex- 
periment with the aid of Professor Esmarkand other 
fHands. The battery then employed contained 20 
twelve-inch elements, charged with nrater and ^'[[thof 
mixed nitric and sulphuric odds. The conducting 
wire was heated red hot, which must have rather dimi- 
nished the dfect than otherwise. The nature of the 
wire was found to be unimportant. If positive electri- 
city passed from north to south through a conducting 
wire placed horizontally in the magnetic meridian, 
then a compass needle suspended over it had its north 
end deviated to the west ; if ander it, to the east ; if 
the needle was placed on the etut side of the conduc- 
tor, its north end was raised ; if on the viat side, it 
was depressed. Oersted further found that needles 
of non-magnetic substances, such as brass and gum- 
lac, were not affected, and that the electrical efficiency 
depended ou the quantity, not the Intensity, of the 
current. These experiments seem to have been made 
in July 1820 ; and Oersted and bis friends being now 
fully alive to the novelty and importance of the dis- 
oovery,he circulated extensively copies of aLatin tract, 
dated the 21st July, in which the effects of the "electric 
conflict," as he terms the presumed combination of the 
opposite electricities in the " conjunctive wire" upon 
a magnet, were described.* In this tract we find tbe 
following expressions : — " The electric conflict acts 
in a revolving manner." " It resembles a helix." 
" The electric conflict ia not confined to the conduct- 
ing wire, but it has around it a sphere of activity of 
considerable extent," 
(798.) The effect of this pamphlet, consisting of a few 
SMcdil? pages only, was instantaneous and wonderful. The 
br Am"^ author probably counted on the opportunity of devel- 
ptra, oping his discovery at leisure, but it was seized on 

Ango, tai with such avidity, and pursued with such signal sue- 
""7' cess, particularly in France, that he probably gave np 
the race of invention in despair. Ampere hod already 
commnnieated experimenta to tbe Institute on the 
18th and 26th September. Arago and Davy sepa- 
lately, and but little later, discovered the magnetiz- 
ing power which the voltaic conductor exerted on iron 
filings, and the latter tried in vain the magnetizing 
power of common or machine electricity, which, bow- 
ever, was soon after shown by Arogo, who enclosed 
steel wires in hdieei of copper wire, through which 
the discharges were passed. When soft iron was 
placed in such a helix, it was found to become a tem- 
porary magnet of great power whilst the voltaic 
cnrreot continued. Thus magnets ot enormously 
greater power than any previously known were con- 
structed ; one of the first large ones was made by Pro- 
fessor Henry of the United States. 
(7Sa,) But the progress of electro- magnetismas a science 



was far more indebted to Ampere, a professor at 
Paris, than t« any other philosopher. I shall, 
therefore, introdnce here some account of his dis- 
coveries before closing what I have to say of Oer- 
sted. 

Ardhb Makib AiiPEBs was bom in 177S at Lyon. (794.) 
He was an able mathematician, and wrote several El*ctn>- 
memoirs on Chances, and on the Integration of Par- J^'^ 
tial Differential Equations. But with this he com- An^r«. 
bined a taste for, and a practical acquaintance with, 
the experimental sciences. He was a very good che- 
mist, and showed himself particularly attentive to 
Davy on his first visit to Paris. He was also much 
attached to metapbysicul speculation. His skill in 
devising apparatus and in performing experiments was 
eminently shown in his electro-magnetic researches ; 
whilst be judiciously rendered his mathematical 
knowledge subservient to them. In this respect he 
had greatly the advantage of Oersted, who appears to 
have been little acquainted with mathematics, and, 
perhaps, in common with his metaphysical friends of 
the German school, misapprehended their utility in 
physical discoveries. Three different hypotheses Vuiou 
were speedily broached to represent medianically^P*"*"" 
the singular kind of force mutually exerted l>etween ^^^^^ 
a conductor and a magnet. The first and most ob-of Uw atae- 
vious was, that this action was not a puth-and-pnll tro-mif 
force, hnt a force producing rotation without duect""""'""*" 
atti^action and repulsion, or of the nature of a ooupU 
exerted between any part of an electric current, luid 
a small magnet or magnetic elem^it. The second 
opinion was, that an electric current may be esteemed 
equivalent to a magnetizing force at right angles to 
it. The third, that a m^net is composed of ele- 
ments which act as if a closed dectrio circuit ex- 
isted independently within each of tbom ; that is, 
each magnetic molecule may be replaced by a small 
conducting wire bent upon itself, in which some un- 
failing source of electricity, like a galvanic pair, keeps 
up, in the same direction, a constant current. 

This last hypothesis, ai-bitrory and improbable aa (79S.) 
it may sound, was that defended by Ampere. Whilst I'lwrj or 
few will be disposed to r^ard it as a tiue and com- rj?^.JbT 
plete physical picture of the condition of magnetized Ampin, 
bodies, it seems impossible not to award to it the same 
sort of credit which we do to Newton's " fits of easy 
reflection and transmiasion" of light, when we find 
that it not only serves to represent the more obvious 
phenomena, but faaa suggested experimenta absolutely 
new, and which turned out in accordance with the 
anticipation ; and that, finally, by the s^acity and 
industry of its author it was made to include, by 
merely mathematical deductions, and without any 
complication of the hypothesis, certain experiments 
of a very singular kind, which at first seemed inex- 
plicable by it. I proceed to develope a little farther 
this consideration. 



' Ttu exact titl* wu, Eaptrtmmta ctrea tfkclHM Ccmfitlmi Ntttrhi in Aeum Magiulieitm. 
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(796.) The tbeorj of Amp^ rejects kU but puah-and- Ur kind of motion, tliat in whieb s magnet float- 
*'"'"' pnll forces, snch as are commonly recognized La me- ing in mercury is made to revolve continumuli/ 
dsctrie chanical physics. These forces are mutual, and be- around a central conducting wire, and in like man- 
oondueton. long to electric currents. A permanent magnet is ner a. conductor may be made to revolve round 
s congeries of minute parallel and circular cnrrents, a fixed magnet ; nay, stranger still, a m^net 
all acting in the same directicm, which is at right acting at once as conductor and magnet, revolve* 
angles to the magnetic axis or line of force. Grant- with great velocity on its own axis when an elee- 
ing this for a moment. Oersted's experiment shows trie stream ie made to traverse one half of ita 
that the current in the conductor acts on the currents length. These astonishing experiments, which, in 
in the magnet ; and as a magnet places itself trans- an earlier age, might have founded a new sect of 
Tersely to a conductor, the currents in the magnet astronomers and replaced the theory of Vortices, 
tend to place themselves paralitl to that in the eon- ofiered also considerable difficulties in the appliea- 
ductor. Do we then find uuch properties in move* tion of Ampire'i theory. They were, however, nlH- Aeoonotrf 
able electric conductors alone 1 Have they any mately removed by Ampere himself, who onslyBed^^^^ 
mutual action t Does that mutual action tend to with great skill ^e mechanical conditions of each 
produce parallelism ? And if so, may it be ferther case, and interpreting them into the langu^e of his 
analysed into direct attractions or repulsions of the theory, showed how continuous rotations might he 
several parts of the electric currents upon one produced, according to the laws which he had esta- 
another ? All these questions were answered by blished, by electric currents alone suitably arranged; 
Ampere (i^rnuitiveJy after due appeal to experiment, and he e^ted by most ingenious experimentalcombi- 
Two copper wires connected with voltaic circuits, nations purely electro-dynamic rotations. Some other 
and snspended with the requisite degree of freedtHn, experiments, in which magnets seemed to produce a 
approach when the currents have a fimtJor direction, di£fetent ^fect from electro -dynamic cylinders, pre- 
but are repelled when the direction ia opposite in sented a more serious obstacle, which, however, was 
the two. When two moveable conductors are placed removed by a rigorous demonstration of the ^ecta 
at right angles, or indeed at any angle, they tend to which must ensne, if we regard the elementary molc- 
parallelism. All the usual phenomena of a magnet cnles of a m^net as very small, and consequently the 
may be imitated by a long helix of coppw wire ^itiremi^et as a collection of indefinitely email and 
through which electricity is made by some artifice correspondingly numerous electro-dynamic cylinders, 
continually to circulate. The position of the poles By means of four critical experiments, Amp^ de- 
ls the same as in a real magnet, and the name of termined completely the elementary laws of the 
pole is determined by the direction (right or left mutual action of currents, including that previonsly 
handed) in which the helix is wound. Such an in- established by Biot and Savary in the case of a mag- 
strument, not containing one particle of iron, is at- net and a condnctor. This investigation was one of 
tracted and repelled by a steel magnet, — obeys the great intricacy, and was carried out with remarkable 
directive influence of the earth, — gives transverse skill. AmpSre hod the field almost to himself, Savary 
motion to an electric condnctor near it, — in short, making some contributions ; and, what is remarkable, 
does whatever magnetised iron does. little or nothing has been added either to the theory, 
fJ^) Thus, in the mutual aetion of electric cnrents or to the deductions from it, since his death. The 
tmiiw at (^"^ *''® phenomena of static electricity are wholly progress of the science of electro-magnetism has 
tin 1dv«im nnUke) we recognize the great discovery of Ampere, been so astonishingly rapid since the year 1620, that 
•q>ur« of A new sdenoe was formed, which he called eketro- one set of phenomena after another has for the 
~^* dyNomtef, which he proceeded to develope with great time attracted almost exclusive notice. The disco- 
■kiU and success. If H. Biot and Savary found that very of diamagnetism will probably lead to a reeon- 
th« electro-mimetic force exerted by an indefinite sideratiwi of Ampere's theory as applicable to all 
straight conductor and needle, varies inversely as the matter in a more general form. 

simple distance from the conductor; hut looking This rapid succession of interesting topics has pre- (799.) 

to tiie elementary actions of each portion of the cuts vented attention from being perhaps sufficiently di- dnax 

■ rent, it will bo fiDond that this corresponds to the rected to the importance of Ampere's labours. He^||^^ 

usual physical law of the inverse aqwwe of the dis- ia at least as well entitled as any other philosopher '^' 

tance between the mimetic and the electnc ele- who has yet appeared, to be called *' the Newbm of 

ment. Electricity." 
(798.) Whilst Ampere was pursuing his inquiries into Ampere was of an amiable, though rather eccentric (^^^ 

^'^*1. the properties of electric currents, others were vary- character. His absence of mind was proverbial, and 

U. Rlva iifi i° > greatvaiiety of ways, Oersted's fundamental his style is somewhat eumbrons and obscure. But 

EiMtro- experiment. A great number of beautiful mechani- he was devoted to science, the promotion of which 

*J«2^ cal arrangements wore invented, particularly by the was ever his first consideration, and he evidently 

' elder Dc la Bjve and by Mr Faraday. The latter, himself possessed great clearness in his conceptions, 

however, had the sole merit of efiecting a most slogu- He died aa the 17th May 1836. 
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Whilst Ampere, Arago, 'Dnrj, the two De U 
Bives, and Mr Farad&;f, were throwing light on 
. the cauflea, and developing the consequenceB of 
'. Oarsted'i experiment, Sbsbeck of Berlin discovered 
in 1822 a new source of electric excitement, 
which has iince become indirectly of very great im- 
|K)rtance. This was Therm o-Electricitj. He found 
that when heterogeneous metals are united, either 
bj soldering or pressure, and the junction heated, a 
current of electricity is established. The order of 
metals which produces the most energetic combina- 
tions, is wholly unlike the arrangement of the vol- 
taic series, and has no apparent reference to any 
other known property of those substances. Bismuth 
ftnd antimony stand at the opposite extremities of 
the scale, and a pair formed of them is consequently 
the most powerful which can he made. When heat- 
ed at the junction, positive electricity passes from 
bismuth to antimony. In 1823, Oersted, then on 
s visit to Paris, united with Foarier in making 
experiments on this subject, and was probably the 
first who constructed thermo-electrical piles. Uu' 
qnestionably, the most important application of these 
was to the construction of an instrument for measur- 
ing the effects of radiant heat, by NobiU and Melloni, 
of which an account has already been given. Art. 
(709). 

An application of electro-magnetism of extreme 
importance, was the Multiplier or Galvanometer, 
contrived by Schwei^er of Halle. In it the idea 
was first realized of measuring the power of an 
electric current by its effect in deviating a tnag- 
netic needle. Schweigger perceived that he could 
multiply the action of one and the same current, by 
causing it to traverse successive parallel coils of the 
conducting wire carried round the needle. Its sensibi- 
lity was still farther, and almost indefinitely increased 
byNobili'sinventionof rendering the needleaitatic, or 
diminishing its natural directive power in anyrequired 
degree. This he did by oonnecting it finnly with a 
second needle parallel to the first, of nearly equal 
strength, with its poles placed in an inverted posi- 
tion relatively to the other, and moving freely in a 
plane altogether exterior to the coil, so that whilst 
the directive efiect of the earth's polarity is almost 
neutralized, the electro-magnetic effect of the coil 
tends to produce a similar deviation in both needles. 
This is one of the most precious philosophical Instm- 
ments ever invented. It has been employed for 
thirty years in almost every electrical research or 
application. One of its best forms for many pur- 
poses (though hitherto little used) is the Torsion 
Galvanometer of Bitchie. 

Oersted, of course, interested himself in this new 
application of his own great discovery. Indeed, hav- 
ing tlie good fortune to survive that discovery for 
more than thirty years, with a full enjoyment 
of his intellectual vigour, he had the gratifica- 
tion of contemjJating a body of science entirely 



[Diss. VI. 



new as its resalts, and a variety nf useful ap- 
plications scarcely less astonishing, which might, 
in one sense, be called his own creation. The dis- 
coveries of Ampere, Seebeck, and Mr Faraday, were 
allbasod upon his; and during those thirty years, this 
elegant and interesting branch of experimental phy- 
sics underwent an almost uninterrupted extension, 
such as hardly any other affords an example of. The 
Electric Telegraph is one of its moat direct and practi- 
cal results ; nor should we omit that Oersted himself 
proposed, as far hack as 1818, the application of elec- 
tricity to blasting rocks by the very same process in 
which it has of late years been so usefully applied, 
namely, that of heating a fine wire to incandescence. 

Though Oersted was the author of numerous (eoi.) 
papers connected with science down nearly toUticxpart- 
tho close of his life, they do not contain any impor- "•'"• o" 
tant discovery, and with reference to electro-mag- .^^J^' „f 
netism, he appears to have contented himself princi- «iter. 
pally with repeating and expounding the observations 
of his contemporaries. But some of his experiments on 
other subjects deserve mention, especially those on the 
compressibility of water. This fact, which the Flo- 
rentine Academicians had vainly sought to establish 
in the 17th century, had been clearly demonstrated 
by Canton in the middle of the I6th, but Oersted 
first devised a compendious and effective apparatus 
for producing and measuring it more effectually. His 
result, that the compression amounts to 46-milIionths 
of the bulk, for a pressure eqnal to one atmosphere, 
agrees almost precisely with Canton's. In 1845, he 
considered that he had established that the heat de- 
veloped by the same amount of compression is '0203 
of a centigrade d^ree. He alto made some experi- 
ments on the Law of the Compressibility of Air and 
upon other snhjects. 

The de»ideratian of a clear expression of the mani' (BOt.) 
fest alliance between Electricity and Magnetdsm had "^^''ttuT 
been so long and so universally felt, that the discovery p^^^^ 
placed its author in the first rank of scientific- men. tb* liail- 
There was not even, so far as I am aware, a sua- ^*' ^ 
picion that he had been, however remotely or dimly, 
anticipated. The prize of the French Institute which 
had been awarded to Davy for his galvanic discoveries, 
was bestowed upon Oersted, and so far as I am inform- 
ed, haa not been since adjudicated. He was elected first 
Correspondent, and finally Associate of the Academy 
of Sciences. He was personally known to many of 
the philosophers of Europe, having made repeated 
journeys in France, Germany, and England. His HIa sctan- 
agreeable manners and general information rendered tifiedMne- 
him popular. Sir H, Davy, who visited him at Co- ***"' 
penhagen, describes him as " a man of simple man- 
ners, of DO pretensions, and not of extensive re- 
sources." Niebuhr, however, who viewed his cha- 
racter in a different light, says, *' I scarcely know 
another natural philosopher with so much intellect, 
and fteedom from prejudice and ttprit de corps," His 
writings were indeed too discursive. Professor Forch- 
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luunroeT has enmnersted abore 200 of his publics- never been fruitful in reflearchea based on Indao- 

tiona or artidea, on a vast varietj of subjects ; but tdon. 

of all these, onl^ a single tract of a few pa^ will In November I8S0, the fiftieth anniversarj of hia (S06.) 

perhaps be Tdtimately remembered. As I before connection with the University of Copenhagen was Hl« <l«rth. 

remarked, his mind, though capable of continued celebrated by a jubilee. Though in his 74th year, 

application, appears to have wanted the sort of con- his activity was unimpaired, and he continued his 

eentration which prolonged physical researches r&- lectures and other employments until within a few 

quire, and the school of philosophy in which he was daysof his deati), which occurred on the dth of March 

Gtmsideredt^his own conatrymrai as a proficient, has 1861, closing a life full of years and honour. 

§ 5. Dr Faraday. — Progress of lAe Theory of El«etro-Chemical Deeompotition — Volta-BHectric 
Induction — Magneto-Eleetrieiiy — Diamagnetism — Optical Changes mdaeed by Magnetitm.— 
Professor Flilcker — Magnet^iie Action. 

(807.) Immeasurably the larger part of what we know to expound, the variety of subjects on which Dr Fara- 

Bminedi frith t^ard to the nature and laws of electrid^ and day has made essential additions to our knowledge 

^Qp*^^^ofitsconnoctionwithMagnetasin,BofarasithaBbeen is so great that it is difficult to compreliend them 

daj, developed since the discovery of Oersted, is doe to under one section. In conformity, however, with onr 

the genius and perseverance of one man-— Michaxl plan of suppressing minor facts, and insisting on the 

Faxacat. most important, I shall confine myself to a summary 

(BOS.) This eminent philosopher was bom, I believe, in statement of his main discoveries connected with 

HU wrly \-jQ \ , Qg ^as originally " a bookseller's apprentice. Electricity and Electro-Magnetism as contained in a 

«0BaKti^ — ^^'7 ^°°*^ "^ experiment and very averse to trade." continnons series of " Besearches," published in the 

with Dsv7 In 1812 ho sent to Sir H. Davy, then at the height Philosophical Transactions between 1831 and the 

ud the of his reputation, a copy of a set of notes taken at bis present time ; which, when collected (as they have 

■titation" ^^'"^^•desiringhiaassiBtance"toe8capefromtrade, been in a distinct form), now fill three closely 

and enter into the service of science." To the credit of printed octavo volumes. It would be difficult to 

the popular and distinguished chemist, he gave Mr name in the history of any progressive experimental 

Faraday a courteous answer, and appointed him as subject so large an amount of research prosecuted 

chemical assistant m the Laboratory of the Royal In- for so long a time in so methodical a manner and 

stitution in March 1813. Leaving England to travel with such remarkable uniformity in plan, and with 

in the autumn of the same year, Davy engi^ed Mr snch unvarying success. 

Faraday to accompany him as secretary and scien- I shall only farther premise that Dr Faraday's (bio.) 
tific assistant; they returned in April 1816, and earliest essays were naturally of a chemical charac- ^''c^'^ 
from that time to the present Mr Faraday has ter. In 1820 he assisted Davy, in prosecuting Oer-|^|^^ 
been constantly engaged in the sd^itific business sted's researches on the relations of Electricity and 
of the Royal Institution, which is as completely Magnetism, and the following year he himself suo- 
associated with his numeroas and splendid dis- oeeded in producing, for the first time, the coudnuoos 
coveries as Cambridge is with those of Newtou, rotation of a magnet round an electric conductor, sad 
and Slough with those of the elder Herschel. By the converse rotation of the conductor round the 
a rare, perhaps unexampled good fortune, that osta- magnet (798), These experiments were the germ 
bliflhment, founded principally for the promotion of others which continued to interest philosophers as 
of original research and the promulgation of dis- well as the curious public for a long time after. But 
covenes, has been indebted during the first fifty it wasin 1831 (when theauthorliadBttainedluB40th 
jftart of its existence to the talents of two men only, year) that the genius of Dr Faraday was displayed 
for a succession of new scientific truths which might in a commanding manner by the appearance of his 
have done credit to a whole academy; indeed, if First and Second series ai tiis Rettarchet on EUetri- 
to the names of Davy and Mr Faraday we add city, which have not perhaps been surpassed by even 
that of Young, who here Grst promulgated the doc- the most brilliant of their successors. The subject waa 
trines of the Interference of Light, there is scarcely the Induction ofElectric Currents from other Currents 
an academy in Europe which iias within the same and from Magnets. But we shall find it most con- 
period added so extensively to our choicest stock of venient to take an order di£ferent from that of the 
original science. discovery, and to present the main results of Dr 
(809.) Partly in consequence of his official duty of bring- Faraday's electrical labours under the following Haada of 
Vula^ of ing forward and explaming the most important cotem- heads : — hli chief 
u,^^ porary discoveries, partly also in consequence of his I. The law of definite Electro-chemical Decompo- •IwtHoU 
hi* Ac own matchless talent of elucidating, by original iUus- sition, and the theory of the pile connected therewith, "ti^^i^ 
>Mn*etMi tiations, if not by new facte, whatever he nadertakea II. The Induction of Electric Currents from other corariM. 
"•*'*"''• vol. I. S B 
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Cnrrents and from Magnets, or tlie disoovery of of die Bcioi^ce of volttic electridty , are Bopported hj 

M^neto- Electricity. Mr Faraday hj a great Tariety of coUatend proofs ; 

in. The inflomoe cf tbe Magnet on all bodies, aiid,(Hi the whole, I cannot see that they admit of any 

md the consequent dtvision of aubetances into two reaaonable doubt. The contact theory of Volia still, 

(jasses, Magnetics and Diamagnetics. howerer, JioUs ite ground in Germany, where the 

IV. Op&jai changes induced by Magnetism. aumbw of influential wiatera on electricity is con> 

(811.) I. Wit^ r^ard to dtetro'o/temieal deeompotition siderable ; aad so persevaringly is it maintained, that 

^*°*f^ and fA« theory of the pile, the great omtent and inM- it is difficult to perceive how it is ever to be dis- 

d*Mnip«ii- OK? ^^ *^^ sntijeet require us to lestrict our amUysis lodged. But on this wide and not very profitable 

tion, uid to a few of the leading conclusions. The most im- controversy we cannot here enter. 

^^^^f portant of these may be summed up in the following There are a great many other considerations (813.) 
^ ' propositions : — i«t, The amount of a decomposable connected with the action of the voltaic battery ^' ^'■r*- 
Bubstance (or eleetrolytK) analysed into its elements whidi are independent of these primary ones, and^||^j|^ '^ 
by a current of electricity depends loUli/ on the which are scaicely less important Dr Faraday ud Con> 
amount of electricity passing through it, and is in- has entered into a most elaborate experimental dnetioD. 
dependent of the form of apparatus employed, the argument to show that induetion always precedes 
dimensions of the poles (or eteetrodet), the strength both oondiustion and deeompotitioti, and that do-, 
of the solatiim, or any other drcumstanoe. It is oomposable bodies or eleotrolytee must be all more 
thence inferred, with respect, for instanoe, to water, or less perfect conductors. His views may be thus 
lliat the amount of it decomposed in a given time is concisely summed np in his own words ; — " The first 
an exact measure of the quantity of electridty set in effect" of the electri^ng influence, whether of fric- 
motion in that time. 2d, When a substance is thus tional electricity or of vohaic electricity, upon bodies, 
decomposed, it is a necessary, or at least a highly is " the production ol a polarised stats of tiieir par- 
probable, consequence of Dalton's laws, that the tides which ooiutitutes induction ,- and this arises 
elements separated are in atomic proportionG to one from its action upon the particles in immediate con- 
another. But Mr Faraday also found that when tact with" the exdtied body, " which again act upon 
several decompositions are e^ted at the same time ^ose oontiguons to them, and thus forces are trans- 
by interposing different electrolytes in intervals of ferred to a distance. If the induction remain un- 
the same circuit, the whole of the series of elements diminished, perfect insulation is the consequence ; 
separated bear the atomic relations to one another, if the contiguous partidcs" thus polarized " have 
Thus, to take a single case ; an electric current do- ihe poww to communicate their forces, then eoa- 
composee in the same time 0-497 grain of water duction occurs, conduction being a distinct act of 
and 3'2 grains of protochloride of tin. Now, these discharge between neighbouring partides." " In the 
are exactly the proportions of the atomic wdghts of inductive condition assumed by water" when about 
^u«^ those bodies. From this and numerous other cases to be decomposed, " the discharge between particle 
of dflcom- ^^ ^ivday infers, that universally the amount of and particle is not, as before, a mere interchange rf 
poakLon — electrical action required to dissolve a combinatioii is tiidr powers and forces, but an actual separation of 
alMCrinl in a coustant proportion totiic forco ofchemicsl alfi- them, the oxygen travelling in one direction and 
leniir' "'^y ^'fl'i<'l> it* elements are united. The corollary carrying with it its amount of force acquired during 
seems therefore highly probable tbat it is one and the polarization, and the hydrogen doing the same thing 
same force which is exerted in either case. But the in the other direction, until they each meet the next 
conclusion as to their identity becomes almost irre- approaching partide, which is in the same electrical 
sistible when we add to these propositions the follow- state with that they have left, and by association of 
ing: 3^2^, That the oxidation of one atom of zinc by thdr forces with it produce discharge. This action 
the acid of the battery generates precisely so much may be regarded as a carrying one performed by the 
electridty as would resolve one atom of water into ecmstituent partides of the dielectric"^ Again, 
its elements. Thus, 8'46 grains of zinc dissolved " the current is an indivisible thing ; an axii of 
occasioned the analysis of 2'36 groins of water ; but power, in every part of which both electric forces are 
these numbers are in the ratio of 32 '6 to 9 ; the present in equal amount.'"* 

equivalents or atomic weights of zinc and water. These views respecting the molecular progress of (ai4-> 

(812.) From these strictly experimental laws, Dr Fara- conduction and decomposition, though perhaps never 

u tothe" ^*y considers that ho is entitled to draw these im- so categorically stated as by Dr Faraday, have been, 

idandty of portant inferences : First, that the source of voltaic I imagine, substantially held by a majority of those 

electrical electricity in ^e pile is chemical action solely; who have considered the subject since the lime 

^ for^'' '^*<''*"^y> *''**• " *^ forces termed chemical affinity of Davy, who first gave them a partial expression. 

andelectridtyareoneandthesame."^ I tis needless to And when Davy and others speak of the electric 

add that these condoaimis, involving the very essence forces in decomposition as if they envmaUd from the 
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poles of the batter; and beeamo enfeebled with dis- sted's discoTeiy irf the power of electrieilT to afiert 
tance from them, they used a langoago not qaito the magnet, and the con>llar5 from it d the mag- 
rigorous indeed, yet expresBing the actual phono- netiziiig agency of electricity. Thii being achiered, 
mena with that general accuracy which we can alone very striking analogies led to the expectations — 1. 
expect in the first stages of so new and difficult an That a wire conveying a current ought to excite by 
inquiry. " The sum of chemical decomposition is induction a current in another wire near it ; and, 2. 
constant for any section of a decomposing conductor" That a mi^^net ought, under some drcamstances at 
is Dr Faraday's expression.^ So is the sum of illumi- least, to be capable of exciting electric action. But 
nations arising from light radiating from a point, attempts in these directions had repeatedly and sig- 
when taken across any section of its path, yet the nally &iled, and for a reason which Mr Faraday first 
influence is swd to vary inrersely as die square of rendered apparent. 

its distance from the origin. The part of Dr Fara- Having made a compound helix of two copper (^^'O 

day's Gonclnsions, howevCT, most op«i to excep- wires wound parallel to one another, but not toach^jj^j, j^^^^ 

tion, is what refers to electaio action at a distance, ing, and rolled one within the other upon a cylin- tion. 

which he conceives to depend Molely upon induction der, he fonnd that when he transmitted a continn- 

scting on intervening particles, which induction may ous voltaic current throagh one wire, a momsn- 

take place along curved lines. It is indeed tnie that tary current (tested by a galvanometer) took place 

be has shown, by a beautifiil experiment, that the in- in the independent helix in the same direction with 

terpositionof different substances between an excited the primary current; but it ceased to exist in- 

electric and a body capable of being electrified by in- stantaneonsly, althoi^h the primary cnrrent coDti- 

ductioD, occasions different d^irees of excitement in nued to act ; and it was only on the cessation of 

the latter, even when the interposed bodies are glass, that cnrrent that a new mommtary indneed current 

sulphur, and other " non-conductors ;" and this he appeared, but in the contrary direction to the previ- 

justly refers to a peculiar power or property of bodies ous one. The same effect occurred when a wire 

called "specific inductive capacity." Bnt this is conducting a current was mechanically brought into 

rather different from the general proposition above the presence of another wire ; the approximation of 

referred to. the two induced a similarly directed currrait, their 

(81B.) In conclusion of this part of the subject, I must separation a contrary effect. Whilst the wires ware 

nitara of ^^ ^^^ ^' Faraday has, with great pains and sue- immovable no induced current took place. This 

ilsctridtj cess.demonstratedtliefundamentallyidenticalntttnre he termed VolUi-Eleetne Induelion. 

from wlwt- of electricity from whatever source derived, and how- Mr Faraday nest took a ring of soft iron, disposing (818.) 

•verwwM.^^g, difering in its usual manifestations; — such as two copper-wire coils round opposite portions of the 

electridty of the pile, of the common machine, or that ring. In passii^ a current through one coil, and 

indneed by magnetic, thermal, and animal electricity, thus nu^etizing the ring, a cnrrent was induced ia 

Thesehave all common properties, producing the shock, the other copper coil, bat, as in the former esse, (mly 

thespark, and magnetic, chemical, and heating effects; for an instant. Whm the primary current stopped, 

and, except two, also prodadng sensible attraction and the mi^;net was unmade, an opposite cnrrent 

and repnlsion. But the disproportion of the efiects shot through the secondary ooiL 

of electricity, varying so much in intensity when re- The transition to the next experiment was natn- (819.) 
ferred to unit of quantity, is astonishing and panu ral, but highly important. The primary coil was Magnato- 
doxical. The electridty which so silently and speedily suppressed; and the piece of soft iron embraced by ''**''*^'*' 
decomposes a single gnun of water would, when its tbe secondary coil was now magnetized by the in- 
intensity is sufficiently exalted, produce, according to dnctive action of a powerful bar magnet, with 
Mr Faraday, " a very power^ flash of lightning," which contact was alternately made and broken, 
or 800,000 times the contents of a well chained Ley At the instant of making contact a momentary 
den battery. Agun, zinc and platinum wires half an current of electricity was produced in the remMu- 
inch long and one-eighteenth inch i^ameter, dipped ing coil, and on breaking it a reversed current, 
into slightly acidulated water, produce in three se- also of instantaneous duration. No current ex- 
conds as much electricity as a man can easily bear isted whilst the magnet continned to be ^plied. 
in the ferm of a shock. The direction of the current at making contact 
(B16.) II, Jnductton of eUetrio ourretUtfrom other eur- was opposite to that which would have produced 
oftlac^ »"«i(* and frvtn nut^«tf.— This splendid research, the magnetism present in the iron core ; on hredk- 
•orreati— "^^vih dates from 1831, constitutes the discovery of ing contact the current was nmilar to that which 
■agncto- magneto-eleetrimty. would have magnetixed the iron. The electricity 
''"^'"~ The discovery by Ampere of the attraction and momentarily induced in the coil was tested by ita 
repulsion of conductors conveying electric currents action on the galvanometer, by its power to mag- 
rapidly followed (as we have seen in Art. 796) Oer- netize steel, to conynlse a frog, and finally by the 
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{trodnetion of a Bpark. This, titen, was the diftcO' 
Teiy of mttgneto-aUctrieity, 

The tnera motion of a permanent magnet waa now 
substitnted for the induction of magnetism in Boft 
iron. Sj piuhing one end of a bar-magnet into the 
coil, electricity yna developed bo long as the motion 
continned; on vrithdrawing it an opposite current 
took place. Even the feeble magnetism of the 
earth induced a sensible electric current in a wire 
moved transverBel; to the direction of the dipping- 
needle. 

By making a copper plate revolve in the neigh- 
bourhood of a powerful magnet, a continuous cur- 
rent of electridty may be detected passing from the 
centre to the circnmference of the plate, and may be 
eollected by proper means. Here, then, is a map- 
ntto-eltetrie madiine. This curreat perpetually pre- 
sent in a conducting plate revolving beneath a mag- 
net, cannot ttul (by the common laws of electro- 
magnetism) to react on that magnet. Dr Paraday 
showed in the most satisfactory manner that its 
action is exactly what is required to ezplun M. 
Arago's experiment of "transient magnetism by 
rotation" — namely, to cause the magnet (if free) 
to follow the direction of motion of the plate 
(616). 

On the whole, this research of Dr Faraday may be 
dted as one of the most original and admirably 
eondncted which the annals of science present, 
and as such may be usefully recommended to the 
stndent. 

Ill, The influmee of the moffnet on all bodtn, and 
their eonttqvtnt diviiion into two elauet ,• Magnetiet 
a»dI>iamagn«tio*, — By many, perhaps most persons, 
this will be regarded as the greatest of Dr Faraday's 
diBCOveries. It dates from 1846. By using electro- 
m^nets of very great power, and anspending bodies 
of a somewhat elongated form between the poles, he 
has proved that every substance, toUd, Uqvid, or 
gcueavu which he haa pat to the test, is either drawn 
into a line joining the poles of the magnet, as soft 
iron would be, returning to that line if displaced, or 
dee it settles in a position at right angles to this, or 
across the line of poles. The former he calls para- 
magnetic or simply magnetic bodies, and their posi- 
tion axial I the latter diamagnetic bodies, and their 
position tqaatortal. Bodies may be arranged in a 
list commencing with those most paramagnetic, dimi- 
nishing to neutrality, then feebly diamagnetic, and 
finally the strongest diamagnetice. The following 
is such a list of a few solid and liquid bodies thus 
classified: — 

/Nlokd. 

I Cobalt. 

Hsgastlc. orP«m.gn.tic J J^JE^^- 

I CrawQ glaa. 
I PUtlnou. 



I Etb«r. 
lAloohoL 



DtgftH. 



I AntimODj. 

IbIididUi. 

The eqnatoreal pointing of diami^etic bodies evi- (8S4.) 
dently presupposes that they are longer in one ^-^.^^^ 
mensioa than in the others. A small bar of sili- jq^qT^^' 
cated borate of lead, or "heavy glass," about two definition 
inches long, and from a quarter to half an inch of di«ni«e- 
broad and deep, suspended in a stirrup of paper by °" 
six or eight lengths of cocoon silk, was the a{^>a- 
ratus first employed by Dr Faraday, When a 
sphere or a cube is used, of course it cannot point. 
The diamagnetic action is shown in that case by the 
little body hmig repeUed indtferentty from either 
pole of the magnet, in the same manner as soft iron 
is indifferentiy attracted by either. This repulsive 
tendency includes the phenomenon of equatoreal 
pointing, and its law is thus comprehensively ex- 
pressed : " The diamagnetic tendencyis to move the 
body &om stronger to weaker places of magnetic 

The behavionr of diamagnetica in.the presence <*pjj^^ 
a magnet may be thus further illustrated. It ism^^^ 
what woidd occur if a body absolutely inert were tion. 
suspended in a fluid pressing upon it, that fluid 
being at the same time more or less magnetic, that 
is, more or less attracted by either pole of the mag- 
net. The result would evidently be, that the body 
would seem to be repelled, and would set equato- 
really for the same reason that a piece of wood 
plunged in water rises to the surface as if repelled 
by gravity. Thus Dr Faraday suspended feebly 
paramagnetio bodies in ferruginous solutions more 
magnetic than themselves, when they acted as dia- 
magnetic bodies would do. 

It is impossible for the most part to guess before- (929.) 
hand to which class a substance will belong, Ghina- 
ink, porcelain, silkworm gut, shell-lac, and charcoal, 
rank amongst paramagnetic substances ; whilst sul- 
phur, resin, wood, leather, and most animal sub- 
stances, are diamagnetic. Thus, if a living man 
could be delicately enough suspended between the 
poles of a huge magnet, he would settle eqoato- 
really. 

Philosophers are not yet entirely agreed as to the (827.) 
precise nature of the Dianu^etic relatively to the I^'«^""'<" 
Magnetic actions of bodies. Besides Dr Faraday, n»tur« of 
MM, Weber andEdmond Becquerel abroad, and Pro- di 
feasors Tyndall and William Thomson in this coun-** 
try, have examined the subject bo^ practically and 
tbooretically in great detail. The more probable 
Opinion seems to be, thofbismuth and its ualognei 
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Mqnire a tme polar eondidon xtnAvr the action of of that aubstaace flnapended hj a thread, and having . 

magneta, but opposed to that which iron and para- its azia horizontal, being placed between the poles, 

tnagnetica do in like orcum stances. notwithstanding the perfect symmeti^ of external 

(BSS.) Like almost every other great discoreiy, some figure, the sziB ranges itaolf in the eqoatoreal position. 

*"&!" feeble traces of this may be found amongst the to- In some other cryBtala the axis is directed in the 

V Brag- luminous records of almost forgotten experiments, line of polea. The law of the phenomena is not yet 

muii and Brugmans obaerred, in 1778, the repulsion of biS' completdy made out ; but ao strong is the latter qua- 

Irtb^lllf. mnth by a magnet, which was rediscovered by La- lity in crystals of kyanite, that a piece of that sub- 

baillif in 1827 ; and something like the equatoreal stance properly suspended will actually show a direc- 

pointing of shell-lac and wood was noticed in the tive power under the ii^fluenco of the eiurth'i mag' 

same year by Becquerel. and may also be traced in netism, 

the writings of Coulomb. The present writer reool- Probably dosely allied to this (act is a similar (839.) 

lects very distinctly to have had pointed out to bint directive tendency observed in well crystallized spe- Uagii«- 

byM. Becqnerel, at Paris, about 1835, the pointing ciiaens of bismuth, antimony, and arsenic. This^J^'" 

of minute chips of wood placed near a common steel M, Pliicker caUs tiie magne-ciyttallio, as tiie for- 

maguet. But these incidental facts having been snf- mer may be termed the mo^ns^tic fone; and 

J fered to remain in complete obscurity for so many it is often so intense as to oppose and even reverse 

yean, vrithont even an attempt to connect and ex- the directive tendeni^ which the body would have 

plain them, can scarcely be said even to touch the had between the polea in its tnassive or uacrystal- 

originality of Dr Faraday's discovery. lized state. 

(fiSO.) The year after the announcement of diam^net- It will be easily conceived that the interest crea- (833.) 

""'"■ ism. Father Bancalari of Genoa discovered the ted by these admirable discoveries, revealing not only 

powerful diamagnetic quality of fiame. It is easily new and general properties of matter, but also reh^ 

shown by placing the flame of a wax taper between tions between very different branches of science, soon 

m^etiim tivro blunt conical terminations of a powrafnl electro- became general, and raised the reputation of Dr 

"'**' magnet The flame spreads equatoreolly, becoming Faraday to the very highest rank as an experimental 

fith-UuUd, Dr Faraday, zealously taking up the in- philosopher. If we compare his two greatest works, 

quiry, proved that this depends upon hot air being that on magneto-electrici^, and this on diamag- 

diamagnetic reZatitie/y to the surrounding cold air, netism, we find in the former perhaps a more perfect 

but that atmospheric air is always ahtolvtely para- specimen of inductive sequences ; in the latter, facts 

magnetic. Analyzing the effect still farther, he more independently novel and unlooked-for, and on 

found that the oxygen of the air is a very powerful unrivalled skill in the application and invention of 

paramagnetic, whilst nitrogen is relatwdy diamag- experimental methods. 

netic, but in all probability is a neutral substance. Passing over many less important matters, there (834.) 

one at the real zero of this singular scale. By a most yet remains one interesting discovery to be men- ^ Fara- 

ingenious application of the torsion balance, he was tioned, which in point of time preceded the last, ^*'.°^ 

enabled to compare the relative actions of magnet- namely — ehangei 

ism on the gases with admirable skill and precision. IV. Optical Changw induced by Magnetism, — indumd by 

(Phiiotophical Trantaetiom, 1851.) In his 19th Series of ^ujtaarcAM, published in 1845, "■K"*"™- 

fSSO.) Those experiments demonstrate a paramagnetic Dr Faraday announced " The Magnetization of 

d' ^^Y, f **' '""' " ^^^^ attraction in oxygen really aston- Light and the Illumination of the Magnetic Lines of 

muaetlim '^hing. A small mass of oxygen appears to be Force," — a title which, though intended to express 

of oxygen, attracted at the distance of on inch from the axiat exactly the author's idea of his discovery, perhaps 

line of the electro-magnet by a force equal to excited undue antiupations in the public mind. For 

its own wB^ht ! Since heat diminishes this qua- here we have no direct, or even apparently direct, 

lity, the acute perception of Dr Faraday rapidly en- action of the magnetic force on a luminous ray, hut 

tertamed the idea that the apparent magnetism of only that a peculiar state is induced by magnetism 

the earth might partly at least reside in the atmo- in some transparent bodies which produces an action 

sphere, and that the changes of terrestrial magnetic on light which they did not possess before, and which, 

intensity and direction might be explained l^ the indeed, differed in some respects &om any similar 

action of the sun expanding the atmosphere. The action previously recognised. 

S6th series of his researches is devoted to an elabo- Dr Faraday's leading experiment is the following : (SSti.) 

rate exposition of this theory, which, however inge- — A piece of " heavy glass," or siliceous borate of BMitlon of 

nious, is still involved in great difBculty. lead, was placed lengthwise between the poles of a Joi,^^ 

(831.) Profetior PUleker — Attraction and Jtepvition of powerful electro-magnet. A ray of plane-polarized of any of 

mSwroB ^^■^'^^f ^'n/*^^- — Soon after Dr Faraday's dis- light was transmitted through the glass parallel to "«''»■ 

„,gn,^. coYtarj <d diami^etism, Professor Pliicker, of Bonn, the line of the magnetic poles ; when the m^^netic 

•ptis foTM. announced the important fact, that the optic axis of energy was folly applied.the plane of polarization of 
Iceland spar ia repelled 'by die magnet A sphere ' the Ught was found to have twisted round, similarly 
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(ftppueiithf) to wkxt ocean wlien polKrizad light taon aa to the physical conditltms on which thMa 

paues through qvarte or oil of tnrpeDtme. It is nngolar phenomena depend. 

fomtd that a great number of solids and liijnids are Amongst Dr Faraday's contribnlions to sdence (8S7.) 

■abject to the nu^iDetic influence in the same man- not connected with electridty, the most remarkable ^ '•'*- 

ner as in the case of " heavy gloss," though to a perhaps is the condensation of many gases into tlie ^ ^^ 

smaller ajnoont. liqnid form by cold and pressure, of which he is the uin gMM. 

(836.) Now, in reasoning on this experiment, it is to be undonbted discorerer. This fact is highly interest' 

ReumblM observed that do rotation of the ray takes place on- ing both in a scientific and practical point of view. In 

or'aauti" ^^^^ there be a m«ditim on which the magnetism im- the latter it was early applied by the late ingraiions 

bat with ft presses its energy,^ Some molecular change, no SirM. I. Bronel as a new moriag power (375), and 

difhrwcs. doubt, results, such as that which pressure gives to it may not improbably yet be resorted to for tliat 

glass, rendering it doubly refracting and depoloriz- purpose. The sabsequent discovery of a mode of 

ing, or, to take a still oloser analogy, when beat ap- solidifying carbonic acid by M. Thilorier is not only 

plied to it conveys similar propertieg. Yet no one interesting in itself, but affords a method of produc- 

imagines that these experiments show a direct reac- ing more intense cold for experimental pnrposea 

tioaofheat, still less of mechanical compression, upon than any other previoasly known. 

light. Yet, with all abatements, Dr Faraday's dis- Dr Faraday still continnes his laborious and &ait- (838.) 

covery is novel and singalai ; the more so, that this ftil inquiries. Whilst he has attained almost every ^^ *^ 

constrained state differs &om that naturally pos- titular honour which the world of Bcieace has to"^" ""* 

sessed by quartz and certain hquids. The state mag- bestow (including that of assodate of the French 

netically induced in a body causes the rotation of the Academy of Sdenoes), he has preserved a modesty 

ray to be reversed when it moves in the contrary of character and a simplicity of life which enhance 

direction ; that is, its rotation is right-handed when the respect in which he is Wd 1^ all who are ad- 

the ray moves tirom the north to the sonth pole, but mitted to his nearer ocquuntance. No one has more 

left-hajided when it moves from S. to N. Bat in successfully escaped the contentions which literary 

bodies in the natural state the rotation takes plaoe rivalry so often produces ; and by his extraordinary 

towards the same hand whatever be the path of the skill in expounding the most difficult researches, 

body. Mr Airy has shown that this pecnliori^ ad- whether made by himself or by others, he has moin- 

mits of being mathematically express^ in a manner tained (as I have already said) the early reputation 

somewhat analogous to that im^ined by Professor of the Boyal Institution, and has immensely enlarged 

MacCullagh in the case of quartz (612) ; but it is the cirdeof those who are able to admire and appro- 

not pretended that these formula convey informa- date his successes, 

§ 6. Ohm — ^Dakiell — Mr Wheatstoite— M. Jaoobi. — Laws of Electrical Conduction ; — Corutant 
BaiUry; — Applications of Electricity to Telegraphs— Clochi- — Motive EngineB — tJi« Electrotype. 

(836.) We have traced in the last section the progress of to produce crystallized earthy and metallic com- 

^"tt^" electrical and of electro-magnedc discovery since the pounds not obtainable by chemical means is highly 

■dance of days of Davy and Oersted, as well exemplified in important. Switzerland is proud of her two De la 

electricity, the pre-eminent researches of Dr Faraday. In con- Bives,* and Italy of not a ffew disciples of Volta. In 

^"""Sd f*"™*? ^^ ^^ P^ "^ *''*' Dissertation (IS), Germany the number of electridans is greater than 

VRlon. * (1^)> ^ ^"^i on account of their immense interest in any othercountry; and as they have taken the lead 

and importance, analyzed them more fiilly than in obtaining correct meararet of the electric forces, 

could possibly have been done were I to render andin determining (in many cases) the ninnericallaws 

simitar justice to cdl who have distinguished them- which rcgnlate the effidency of batteries and conduc- 

selves in the same career. Thus, France has pro- tors, and have applied Uiese to many important 

duced in M. Becquerel one of her most ioge- practical purposes, I shall devote a section to some 

nions and indefatigable experimentalists, full of de- account of ^ese, as well as to the beautifol experi- 

votion to sdence, and giving up consdentiously the ments of our countryman Mr Wheatstone. 
whole of a long life to the cultivation of this parti- Ohk's Law of EUctrieal Conduction. — Gsoaa (840.) 

cnlar department. His discovery of the efficacy Stmok Ohm was bom in Bavaria in 1787, and was Ohm'a 

of long-continued and very feeble voltaic actions Bucceasively professor at Cologne, Numberg, and^^^^j^ 

I ImajhererMord tlifttbafbr* the TMT 1836, 1 Itupeeted that there m1gbtb« so 
Ised U^t uid ft megnetiied bodj, tad made experiments in eoniequ«nc« In Ha; 1836, -r 
father thlnl, however, that theae experiment! deeene careful rapstition under more varied oircnmitancei. 

■ MH. Becqaerel and A. De la Uive haT* both pabUahod slsbwftta works OB Elecbiutj', to which the reader is n 
4atsIU on this inexhioitible int^ject. 
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Mouck. He died oa the 7th July 1864. HU Hiebatteiy; iftherererae, itaccnmulfttei nndl itao- 
theoTf of electrical conduction was not highly appro- quires power to overcome the resistance, and th«n it 
dated in Gennany until it had received, in 1641, au passes throi^h in a stream leas abondant, but of a 
enunent mark of approval from the Royal Society of higher intensity. If the constmcdon of the battery 
London, by the award of their Copley medal. Hia does not permit diat degree of intensity to be Teach- 
principal work on the Galvanic Circuit (^Die gaioan^ ed, the electricity stagnates in the battery, the con- 
iiche £»tte wahematiaeh bearbtitet; Berlin, 1827) ductor cannot perform its office, no efiect results. ThaUlutn- 
baa had a somewhat peculiar fate. Accepted by only whole maybe compared to a spout of water disohaiged^'''''' 
S few persoas as a great discovery, it met with com- iuto a trough, from the bottom of which extends a 
parativaly little atlenticn, at least until recently ; yet long narrow horizontal pipe. The water is the elec- 
notwithalanding the long anticipation by Ohm of his tricity, the trough is the battery, the pipe is the con- 
results, it has been his uusfortune to have their ori- duotor. If the pipe be wri/ long and narrow, no 
ginality contested- wat» at all will pass through it until the water in 
(8*1.) It seems not difficuh to account for the diversity the trm^ has attained a certain height, or has a 
It! m>rii« of estimation in which this work has been held. The head of pressun suSicient to overcome the resistance 
^j"'" primary 6iult is the author's own. He dedncea the in the pipe. If the trough be filled to the brim 
strength <^ a voltaic current in any given circuit and without the reaistanee being overcome, the trough is 
the electioscopic excitement of each part of the cir- aa good aa plnjy^, no motion takes place, the stream 
cuit, hy means of reasoning seemingly a priori, from regurgitates. The longer the ^pe the feebler the 
certain assumed axioms submitted to mathematical streun that posses ; shorten Ae pipe indefinitely, 
reasoning. The axioms are very simple ; the theory and the efflux depends only on the construction of 
foundedoathamisintendedto correspond to Fourier's the trough. Indeed, the illustration might be pushed 
theory<tfheat,of which, indeed, in point of form, it is c<maiderably &rther. The depth of the dstem re- 
a mere and literal copy ; but as every circamstaoce presents the electro-motive foroe of the voltaic com- 
which introduces real complication is soon left on bination; its area the size of the plates. By in- 
one side, the leading propositions are almost self- creasing the latter, we do not give the means of 
evident reaulta of the axioms. In abort, the pa- overcoming more resistimce; but when the resist- 
rade of matiiematics is uncalled for, and the whole ance is small, we afford a larger supply without 
stmcture of the theory seems so slight and ques- lowering the level — t. «., the intensity, 
tionable that one is aurprised that it should ever Ohm regards the current sa proportional to titeelec- (643.) 
have been n^arded aa more than a clever ezpres- tro-motive force directly, and to the resiatances in- ^''t- 
siou of some approximately true experimental laws, versely ; and the latter are divided into (a) the re- Mtimtted. 
It iqipears, indeed, that tlds is the simple &ct ; — sistaoceof the battery itselftothe passageof the cur- 
that the axioms were obt^oed from the reeulta rent ; [b) the resiatance of the conductor. Now the 
vhich they seem to predict, and that Ohm was an latter vartet a$ the Ungth of the wire completing the 
experimentalist before he became an author. In circuit. We may therefore double its amount by 
this gniae we understand how to treat the so-called doubling the length of wire joining the poles ; and 
" Laws of Ohm." They are truly important empi- if we observe the strength of the current passing 
rical lawa, calculated to guide the practical man in befi:>re and afler this has been done, we have a mea- 
applying and measuring galvanic forces, to enable sure of a -f i in the first experiment, and of a -f 2 & 
the theorist to form clearer notions of the different in the second ; and b being assumed to be known, a, 
(often confusing) effects of these forces, and to reduce or tiia comparative resistance within the battery, 
their varying energy to calculation ; but we must be becomes known also. 

allowed to doubt whether Ohm has thrown any new The resistance of a standard copper wire a foot (844.) 

light on the real first axioms of electrical excitement long may be taken as the unit of resistance. Mr Standard 

or transmission. Wbeatstone finds it convenient to assume a copper ^^^^ 

(84S.) The most important of these laws refer to the wire a foot of which weighs 100 gr^na. M. Jacoln 

^0 prin- miDiOTJcal measure of the voltaic stream circulating prefers a raStre of copper wire one millimetre in dj»- 

of eondae- >" ^^^ conductor of a closed circuit. Such a closed meter. The resistance is as the length, and inversely 

tlon. drcuit may be imagined to consist of — (1.) as excitor aa the sectional area. 

or battery; (2.) a conductor homogeneous or other- To measure the current two methods have chiefly (S4S0 

wise, but necessarily continuous, uniting the ends of been used, and the resulta agree closely. One is Fares of 

the battery. The exdting force is derived (we will the tangent eompats. A voltaic current is allowed *•"* "uront 

assume) from the chemical or thermo-electric action to pass through a thick wire arranged in a vertical "^p^ 

present in the battery. The electric equilibrium circle. At the centre of the circle is placed a very 

being disturbed, is restored more or less speedily ikorl magnetic needle. When a current passes the 

through the medium of the c<»iduGtor which connects needle is deflected ; and it is easy to show that ^e 

the poles. If the conductor be good, the electridty deflecting farces are as the tangent of the angle of 

passes rapidly through it, and does not accumulate in deflection. A double or treble force in the drcuit 
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ptodnces ft deflection of tfte needle whoae tsngest ia ception in Francs and Engl&Qd is nuunly dne to the 



double or treble the first. 

^e other method is by Br Faraday's Voltam^er. 
The amount of water decomposed is directly as the 
quantity of the Gun-sBt. The unit in this ca^ ii 



(8*8.) 
Kbaartkt 
ofHH. 



(ML) 
Facbner'i 



ingenious and (in many cases) independ«it expen- 
menta of M. Fonillet' and Mr Wheatstone. 

Daniell'b Conttint BatUiy.' — This seeios the pro- (852.) 
per place to mention an invention which haa ^^^'j^d^ 

one cnbiccentimdtreof gasproduoed from water in a cised a remarkable influence on the progress of prac- Qieu—th* 

minnte. tical electridty — I mean the Constant Battery. I conrtuit 

These two measnres f^ee. After being once com- believe that the merit of this application is entirely '*i*«rr' 

pared, we may in all cases deduce the decomposing due to the late Professor Daniell,' although the Ger- 

fbroe of a current from its effect upon a tangent com- man writers (who manifest throughout a singular 

pass. sensibility with r^;ard to their national cliums to 

Mr Wheatstone has facilitated the measurement electrical improvements) seem to claim it for their 
of voltaic effects by the invention of the rheostat, a countrymen. Every battery previously constmcted 
simple contrivance for introducing any desired length diminishedrajudlyinenergy firomtheinstantofbdng 
of wire into a circuit, and thus estimating resistances charged. This was chiefly due to two causes; first, to 
bodi of conductors and of batteries, and also the the acid becoming gradually charged with oxide of 
eloctro-motire forces of different batteries. The re- zinc ; and, secondly, to the appearance of " nascent" 
suits appear to be extremely satisfactory. {PhU. hydrogen arising from the decomposition of water at 
Trans., 1843.) The conducting power of di^erent the copper surface where it preTcntod effectual con- 
metals 'drawn into wire will be inversely as the duction of the electricity.. These sources of di- 
lengtha required to be introduced into the circuit to minished effect were prevented in the following 
reduce the strength of the current in a given pro- way: — Instead of a single ceil containing one fluid 
portion. The prindple of the rheostat was inde- moistening both the copper and the zinc, a double 
pendently applied to similar inquiries by M. Jacobi cell was formed by means of a partition of bladder 
of St Petersburg, in 1840. or porous earthenware. The piulition next the zinc 

The laws of Ohm farther proceed to expound the was filled with dilute sulphuric acid ; the partition 

e£fect of the size and number of the elementary cells next the copper with a solution of solpbate of coin 

, combined in a voltaic battery. The size of the plates per, also acidulated. When galvanic action proceeds, 

increases tlie quantity of eJectridty which escapes both fluids are decomposed ; bat whilst that in the 

through a thort conductor, but has little eflhct upon zinc cell becomes charged with oxide of zinc, it is 

a long current. On the other hand, the multiplica- at the same time continually acidulated by the 

tion of elements produces no increase in the voltaic electro- chemical transfer of add from the decom- 

etream when the connecting wire ia short and when position of sulphate of copper in the copper cell ; 

it is'also a good conductor, for the chief resistance and the copper set free from the same combinaticHi 

in the drcuit is in that case the battery itself, which in the form of oxide is metallically reduced by com- 

resistanceincreases with the number of elements, just bining with the "nascent^' hydrogen (the oxygen 

as the force which overcomes it increases. If, on derived from the water decomposed having combined 

the other hand, the chief resistance be extraneons to with the zinc), and the metallic copper is deposited in 

the battery, the addition of more elements increases an ever fresh film on the surfiu^ of ihe copper plate, 

tbe power without much increasing the resistance.' This beautiful invention was described in 1836. 

All this scarcely requires mathematical proof. It is Many other batteries on the same prindple have 

very evident, and very just, and it is borne out by beeuBince cohtrived and described; several are more 

experiment. powerful, but none perhaps are so constant in their 

Ohm's theory farther gives the partial effects of a action, 
cnrrent branching into various unequally good con- 
ductors, and into other details, particularly as to the .Application o/. EUetrieity to ik« Artt — ^MM. (853.). 

electric tension in diSeicut parts of a drcnit It is, Wheatstose and Jacobi. — I have selected Messrs Appiie»- 

bowever, to be observed, that the whole is based on Charles WheaUtone and M. E. Jacobi as the "P^-^^^ty 

the aasamf&oa'that'thedittipation of eUetri4sity from sentatives of a numerous dass of ingenious men wbotodMaru. 

th» turface of tht conductor it iiutnsibh, ■ have shown great felicity of invention in applying in- 

It is only justice here to add, that the theory of genious mechanism to render electric agendy available 

Ohm owes much, if not most, of its value to the ex- in the arts. We here again find the redprOeal infiu- 

perimenta of Fechner in Germany; and'dtatits re- ence of art upon science, to which I have elsewhere 



> John Frtderic Dtniell, Pnifeuor of Chemistry in King*! Collsge, London, wu born In 1790. He wu the Adthor of a irork 
on Ohtmltal Pkfhiopkn, of iltUorolojieal Ena^i, snd of numarooi papan in the P)dlotopkiiai IVaimctMiu, many of vrhlch vera 
eonnacUd with 'Voltaic Action. His work on Meteorology eontribat«d materially to the progna of that KieDce, aa did the in- 
veotloD of fail Hygromeier (aotwithatanding certain defect* in that inatrament) to the theory and practice of Uygrometry. For 
bla Conatant Battery Mr Daniell received tbe Copley medal of the Boyal Socla^. His death took place ttom ^oplezy while 
attending • aoDnell moating of the Boyal Bodety cm the 13th Mii«b ISW. 
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adverted (32, &c.) Tha.^sqitiMmii'b - ^ practice 
are magnificent experiments, such aa no indivj- 
dual and no Bcientific Society noald think of exe- 
cuting for the illustration of theory. It is not in 
the least my purpose to transfer to these two gentle- 
men an exclusive merit which they need not be un- 
willing to share with other energetic and able com- 
petitors in the hard-run race of sdentdfic applications. 
They occupy, however, perhaps the most marked and 
distingnished place, and the Reld is so wide and in- 
cludes so many minute details, that it requires all 
our resolution to fix our eyes steadily on the most 
considerable acquieitions — the nobler shearea of so 
prolific a harreat. 
(8£4.) I shall connect, then, with the name of Mr 

Wheatstone, (1), the apparatus for determining the 
velocity of elecWical conduction, (2), the electric tele- 
graph and clock, — with that of M. Jacobi, (3), elec- 
trodyuamic machines, and (4), the electrotype. 
(8S6.) I. The apparatus used by Mr Wheatatone in 1834 

UrWhwt- for measuring the velocity of the passage of the elec- 
tt^°'do- ^'^ impulse through a good insulated conductor 
<dtjofd«c-8«ch as a copper wire, deserves particular notice 
trie con- from its ^at ingenuity, and from its general appli- 
doetioD. cation to the measurement of short intervals of "time. 
Let a copper conducting wire of half a mile long be 
BO convoluted that the middle and the two cni& of 
the wire may be brought near together, the whole 
being perfectly insulated. Let the wire be slightly in- 
terrupted at these three places, and the whole put 
into connection at pleasure with an electric machine 
or battery. When contact is made, three sparks will 
take place. Let the two end sparks ho called A and G 
and the middle one fi. As the three sparks take place 
close to each other, they can easily be seen at once 
reflected in a small plane mirror. Let now this small 
mirror be put in very rapid rotation round a hori- 
zontal axis so placed that the sparks (if they occur in 
the suitable part of the revolution) may be refiected 
tt^ther to the eye. Imagine the rotation to become 
immensely rapid: — in Mr Wheatstone's apparatus 
the velocity reached 800 times in a second ; conse- 
quently the mirror described 1° in j^o^^iath part of a 
second; t. «., in if-g^nug of a second. But for 1° of 
rotation of a mirror the reflected image will describe 
an arc of 2°. Supposing then that all the sparks occur 
at the same absolute instant of time, they will be 
Been in one line (supposing the points of the inter- 
mpted drcuit in a line), but if either spark occur 
later, than the others by only x^^lffirT '^^ ^ second, 
the mirror will have revolved so much in the interval 
as to displace the image of that spark relatively to 
the others by the very palpable angular amount of 
2°. In the copper wire half a mile long, the end 
sparks occurred simultaneously, whilst the midtiUe 
spark occurred later by about one millionth of a 
second ; giving a velodty of transmission (according 

* The niun«ri<al value U of com 



to Mr W.) of 288,000 miles a second, or somewhat 
greater than that of light.' The velocity in an iron 
telegraph-wire, ascertained lately in America with 
much greater accuracy, and by a different method, is 
only 16,000 English miles a second ; but doubts have 
been thrown upon the correct interpretation of these 
experiments. Those of M. Fizeauon the telegraphic 
lines of France give results more conformable to 
Mr Wheatstone's, namely, about 70,000 English 
miles per second for iron, and 120,000 for copper 
wire. The duration of a spark drawn immediately 
from the battery is insensible, but in Mr Wheatstone's 
es]>eriment it lasted -g-T.ini) °^ ^ second when trans- 
mitted by a copper wire half a mile long, 

II. Bleotric Telegraph and Cloeki. — The idea of (866-) 
using the transmission of electricity to communicate ^•"'^'' 

signals is so obvious as hardly te deserve the name iMa»iT 

of an invention, the prodigious veloci^ of common blatory. 
electricity in wires having been established by Watson 
before the middle of the last century. The earliest 
proposal of the kind appears in the Scott Magaeitie 
for February 1753, where a correspondent from Ben- 
frew, who signs himself C. M., proposes several kinds 
of telegraphs acting by the attractive power of electri- 
city, conveyed by Q^^-d^ of parallel wires correspond- 
ing in number to ttie ' "^rs .'f the alphabet, and in- 
sulated by supper's of f 's , .• jeweller's cement at ■■ 
every twenty yards. 'Vjj';-, are to be spelt by the 
electricity attracting lettii-s or h; 'riking bells cor- 
responding to letters. .Oil' L( . ige, .1 1782, and even 
long before, propoaed to codtuy t^^eoty- lour insulated 
wires in a subterranean tub':, and toini'cate the letters 
of the alphabet by means of th'^ :ittr.i';Hon of light 
bodies. In 1811 Siimmering sug^^rated u similar a[K 
plication of voltaic electricity, chemical di^io, ipoitjtion 
being the effect observed. Oersted first, and t1:tn Aui- 
pere (1820) suggested the use of magnetic deile^ou.' 
for the same purpose, which is nothing else than the 
needle telegraph in general use in England ; hut they 
contented themselves with the suggestion merely. 
KM. Gauss and Weber communicated signals at 
Gottingen in 1833 or 1834 to a considerable dis- 
tance, and gave them the signification of letters. 
This was the first accomplishment of tel^raphic com- 
munication by means of electHci^,'and it realized 
the fancy of Strada, quoted by Addison, of sym- 
pathetic mt^ets. It was, however, a mere appen- 
dage to a magnetic observatory, and its application 
and diffusion on a great scale seems to have required 
a distinct effort; for several years elapsed before we ^ 

bear more of the telegraph. 

The year 1837 is the date of the realized electric ffl67.) ■. 
telegraph. We find three distinct claimants, of whose Teleg"ph> 
independent merits there is no reason whatever toy^^g' "■ 
doubt, though how much of the merit of all must beatainheil, 
considered due to MM. Gauss and Weber, who first^ndWhmi- 
made the experiment, thoogh they did not oflfer it"*"'- 
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tor general sdoption in a oonvMiient forrn, is a m&tter with wliich so aingular a paradox was BatDTallj n- 

which we need not here decide. The tiiree indepen- ceived. A moat ingenious artut, Mr Bain, estab- 

dent inventor! (I name them alphabetically) are Mr lished for himself the prindple, and proclaimed its 

Morse of the United States, M. Steinheil of Munich, application somewhat later; and in 1843, perhaps 

and Mr Wheatstone of London. The telegraph of the Grat entirely oonvinciiig ezpenmenta were made 

&e two laat reKrobles in principle Oersted's and by M. MattauccJatPisa. From this time the double 

Gauss's ; that of the first is entirely original, and con- wire required to move the needle tel^raph was 

lists iu making a ribbon of paper move by clockwork, reduced to a single one. The explanation of this 

whilst interrupted marks are impressed upon it by curious fact appears to be, — not that the electridty 

a pen or stamp of some kind broaght in contact with is conducted back by the earth to its origin at die 

the ribbm by the attraction of a temporary magnet, battery, — but that the molecular disturbance po* 

wfaidi ia excited by the crrcolatioB of the telegraphic larly communicated along tiie conducting wire to its 

onrreBt of electricity. In the tdt^raphs of MM. farther end being efiactually reUeved by perfect com- 

Wheatstene and Steinheil the needle moves onlf to munication with a vast reservoir of neutral electri- 

the rightorleftj and by the combination of a certain city like the earth, conduction proceeds in an nnin- 

nnmber of right and led motions, either with one or terrupted manner, and to an unlimited extent, 
with two independent needles acted on at once by Of submarine telegraphs, it is sufficient to state (860.) 

distinct currents, the alphabet is easily, though some- that the isolation is obtained by inserting the con- Babmulng 

what tediously constructed. Such, however, is the ducting wires in a mass of gutta peroha, aad that *^^ * 

dexterity which practice g^v», that forty or even the fint on a consideraUe scale was sunk between 

more of such complex signals are transmitted and Dover and C^>e Gria Nex, on the fVench coast, in 

registered per minute.^ August 1851. 

(8Se.) It has already been said tiuU we claim the excln. 

sive invention of the eleetric telegraph ibr no one in- The applications of electridty to tlie measurement (861.) 

dividuAl. But of the several inventors none pro- of time are so numerous, that I can only refer go- 

bably has shown such perseverance and skill in over- nerally to the principal conlxivances. 

coming difficulties as Mr Wheatstone.* His tel^raph 1. The simple electric clock of Mr Bun derives its (863.) 
accordingly was in generalfi^ in England before M. maintaining power from two large plates of copper ^J^j*^ 
Steinheil was able to obtain a similar success in and zinc (or more simply zinc and charcoal) sunk in 
Germany, The telegraphs of Mr Morse are naturally the earth, which affiirds for a very long time a con- 
preferred in America, and they have this inestimable tinuous supply of volteic electridty. The current is 
advantage, that they preserve a permanent record of conveyed into the bob of the pendulum, where it 
tlie deapatehei which they convey. traverses a long coil of wire ; and as the pendulum 

(SS9.) l%ere is. one cinnunBtance connected with the elec- osdllates, the current (by a simple shifting contriv- 
^"tj"'^ trio telegraph deserving of particular notice — I mean ance) is reversed at each vibration. A ttationaty 
tke apparently infinite conducting power of the earth bar-magnet is placed so that when the pendulum 
whflA made to act as the vehicle of the return current, moves, the voltaic coil of the bob embraces the mag- 
S«tdng all theory aside, it is an unquestionable fact, net, and the direction of the current is such aa by 
that if a telegraphic commnnication be made, sup- the electro-magnetic reaction to strengthen and main- 
pose from London to Brighton, by means of a wire tain the vibratoiy movemoit, which is by this means 
going thither, passing through a galvanometer, and perpetuated. 

then returning, the foroe of the current shown by 2. SympatJietic clocks. — By means similar to those (863.) 

ihe galvanometer at Brighton wtU (e almost ex- just explained, one standard clock anyhow regulated ^iap*tl>e- 

aeify doubled, if, instead of die retoro wire, we may, by means of magneto-electric currents, convey *"" *'**■■ 

estaUish a good commnnication between the end of absolutely isochronous movements to any number of 

the conducting wire and the mass of die earth at affiliated docks at any distance. Probably the first 

Brighton. The whole resistance of the return wire application of the kind was made by M. Steinheil. 
is at once dispensed with .' This fact was more than 3. American electric-registration docks. — Mr (B64.) 

Buspected by the ingenious M. Steinheil in 1838 ; Locke proposed to register the instant of an event -Amcricui 

b«t, from some cause or other, it obtained littie occurring in the following way : A ribbon of ^^J^ 

publicity ; nor does the autlior appear to have ex- paper being put in uniform motion, as in Morse's tioo clacks 

erted himself to remove the reasonable prejudices telegraph, a dot is imprinted on it every second by 

II d«grM dan to tha 
rcntecUve thftrai of 
merit of telei^phlc commaDlation wu ■ahmitlad, in 1841, to tbo Brbltntiod of Sir Mare Brimri and 
tiic lata Mr DbdUU, the rcaolt of wblch appear* to laaia tbt prtponderaDoe of merit in ioma reipcetj amUgooiu ; DtverUie- 
iMi, In a hlitorj of Science, Hr Wheatitone is dearlj entitled to tbe pre-eminent place. Several panjifaletB have alio beeo >ub- 
•eqaently pabllihed bj the partial. It ia ilgnlflcant tbat Hr Oooke admit* having bortowed hit idea ihim beooming acquainted, 
•t Beldelberg, in Marah 1836, wltb QBon'* ar- 
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menu of a nmple eomection vitli an utronomieai eleotro-djnainic machinei on a bduUI licale. Tbej H- JwoU't 

■ clock, A Mpai4t« nurkiag aiq>arotiu under the eoo- were (probably) fint mechuiically applied 1^ M. dal """W"**. 

trol of the experimenter enablee him to interpolate a N«fjo in 1833, but more ayatematically hj Mr. M. H. 

dot OF mark corresponding to the- instant of anj Jacobi, of St Fetenburg, the following year. It ii 

event happening — such, for instance, as the transit ^ stated that the latter gentleman moved a boat on the 

a star. This method haa the great advantage of Xeva 'with an electro-djnamio motor equivalent to 

leaving ihe observer at entire liberty to watch the three-fonrths of a horse power. He haa also inves- 

object without having to attend to the beats of the tigsted the theory of these machines, and the most 

clock, whilit it renders mistakes next to impossible, advantageous drcumstances of timr employment. 

It has been snccesfifuUy applied to the determination The principle is the altwnate attraction and repnl* 

of longitudes, and more recently to all kinds of astro- sion of two temporary magnets (one of which re- 

nomical observations, by Mr Bond in America, and volves), the current of electricity being suddenly 

fay Mr Airy at Greenwich (231). changed at the critical part of the revolution. 
(8SS.) 4. Ghronoscopes, or inatruments for the measure- IV. To M. Jacobi — almostiimuItaneonslywithMr (868.) 

Chrono- ment of excessively short intervals of time, such as Spencer of Liverpool — we are also indebted for one ^"^"^ 

P^' the flight of military projectiles, and even the trans- of the simplest and most elegant apj^cationa of elee- voU>tn>a • 

mission of sensation and motion along nervoos tridty, the Galvaoo-plastio art, or Voltatype. In— uh.Jb- 

fibres. — Such iastrumenls have been constructed on this, aidvant^re is taken of the perfectly metallic stale '^*>^ *^^ 

a great variety of princij^. Thow of M. Fonillet, in which the base of a metallic salt is deposited at Bp'°'"- 

Mr Wheatstone, and Mr Siemens, deserve especial the n^;ative pole of a voltaic combination. In the 

mention. case, for example, of the decomposition of sulphate 

(see.) III> Of electro-niagnetiam used as a moving of copper, the sulphuric acid nnites with the positive 

Elw«ro- power, we need say little. No one can witness the wire, or remuns suspended, while the metallic cDp- 

«^f°*lau astonishing experiment of the sudden creation of per is slowly and huiiogeneouriy deposhed on the 

moT^. magnetic power sufficient to luetain one or two tons anr&ce of any object (ri'i;dered conducting by the 

by the voltaic dissolution of a few grains of zin^ application of black luui or otherwise), of which it 

without having the idea snggestod of a continnons forms a perfect mould, ^um which a fresh cast or 

moving force. This etMrmoos power is, however, fac^mile in met^ of >i\<.- Qri?inal object may be ofa- 

exerted through a space so excessively minute, that tained by a repetition Si tli<: process. To see the 

its dynamical effect is always small; and, though it veins of a leaf, orthedc-lirai' wing of an insect, thus 

is, of course, possible to produce an engine by a metallized, is certainly on as[ 'inching thing; and 

sufficiently gigantic arrangement, the success has the applica1J<His to the useful arts f.'' fiir too nume- 

hitherto not been encouraging, tons to be noticed here. Daninil's invention of the 

(BST.) The rotations of Kr Faraday and Dr lUtchie were Constant Battery evidently sugiji'&tc'i the V jlta^pe. 

§ 7. Cavendish — Coulomb — Experimental Laws of the Dutribuiion of Statical Ekciriciij,- ;-~ 
Mathematical Theory of the same. — FoissoN — Mathematical Theory of Statical Electricity 
and of Magnetism generalized. Green; Professor William Thomson, 



(869.) Having thus brought down the history of galvanic Perhaps the moat elaborate of the i 

u!'^**lif "' Toltaic electricity, and that of the wonderful dis- strictly chemical which Cavendish published were Civbh- 

Elt^dty coveries connected with it, to our own time, I shall those on electricity. The Franklinian hypothesis of ^i*'* 

in this section briefly notice the more intermitting a single fluid in excess or in defect of its '>''8'*S',i!^.* 

progress during the same period of our knowledge state producing the phenomena then known as elec- minti. 

of the quantitative laws which regulate the distribu' trical, offered a templing field to an experimental 

tion of statical electricity on bodies charged with it. philosopher well trained in the mathematical know- 

/g7Q ) " £pinus and Coulomb," says Dr Whewell,* " were ledge of the day ; and his paper on this subject shows 

jBpiaoi, two of the most eminent physical philosophers of extreme care in its conception and execution. He 

CBvtndiih, the last century." They laid the foundations of an assumes, as a matter of necessity, the repulsion of 

J^jj '"'" exact science of statical electricity; and a third, and matter for matter at sensible dlsta:ices, considered 

still more eminent name, deserves to be connected apart from the electricity always combined with it in 

with theirs, — that of Cavendish, of whose general greater or less quantity. The indiSerence of matter 

labours I have already given some account in the under ordinary circumstances is held to arise from 

Second section of the chapter on Heat. The labours the union with it of a sufficient amount of electricity 

of £pinus belong rather to the period embraced in to neutralize the repulsion of the matter. In short, 

the previous Dissertation, where the; have been re- the dectric fluid is consideied as a second kind of 

ferred to by Sir John Leslie. matter repelling its own partides,and attracting those 



^ BiMOTf tf tA< AuJiKitM Stinttt, voL iti, p. 34, Sd (ditioo. 
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Ck*m< of other matter with a force TarjiDg invereely bb lome covered with leather, and he suooeeded in obtaining 

•lecMod ^*'* power of the distonoe than the cube. Common sbocka in air as in water, exactl; comparable to those 

ttMorr ud matter repels its own particles and attracts electric obtained from the Jive fish bj Walsh. But perhaps the 

•zperi- particlee according to the same law. The limitation most striking part of the paper is the incidental men- 

"**"*'• as to a power below the iarerae cube of the distance tionof severallawsof eloctricitjtlien certainly new, and 

is necessary, since were the decrease of force more which he had deduced from experiment. Thu8,heaf- 

lapid, a particle would notl)e sensibly affected by the firms the conducting power of iron for electricity to 

repulsion of any portion of the fluid except what was exceed 400,000 times tiiat of distilled water, which he 

placed close to it. The hypothesis of Cavendish and states to be equivalent to the fact, that a conductor of 

his mode of reasoning from it were in general the equal diameter will transmit as much electricity if the 

same as those of ^pinus; but Cavendish was not iron be 400,000 times longer than the water — a law 

aware of the researches of the Swe<lish philosopher conformable to that of Ohm. He farther estimates 

until his own memoir was completed. The number the conducting power of sea-water at 100 times, but 

of facts accurately ascertained concerning electricity of saturated brine at 720 times that of pure water, 

was at that time too small to admit of very precise Again, the quantity of electricity required to raise the 

numerical comparisons, but the ordinary cases of at- charge on different jars or plates to the same inten- 

traction, repuleion, and induction, were perspicuously sity he finds to be directly as the area of the coating, 

explained by the theory ; and had the inverse square and inversely as the thickness of the plate, and he 

of the distance been assumed (as it very safely might applies this just conclusion with great ingenuity to 

have been) to represent the law of diminishing re- explain the surprising power of the torpedo's shock 

pulsion, several of the theorems would have as- by the extreme fineness of the membranes separating 

sumed a much more definite character, as was the columns of the eloctricnl organs. 

shown by Robison. Cavendish first demonstrated Coqloub (bom 1736, died 1606*) was a person of (873.) 

in his paper of 1771 that electricity must be less genius and less mathematical attainment than '^°]^^* 

confined close to the avrttux of a spherical body. Cavendish, yet he had very considerable geometrical g^^. 

This memoir also includes a correct theory of ability and much facility in applying it to the results menu, 

the Leyden phial, a just approximation to the law of experiments, which he conducted with the greatest 

of attraction as the inverse square of the distance, ingenuity and accuracy. In the latter respect he has 

s theory of conduction, and o> the distribution of seldom been surpassed. His methods, and even his 

electricity on insulated conductors placed at a dis- numbers, are still, after a lapse of more than half a 

tance but connected by a fine wire or electric canal ; century, in many cases the best we can quote, 

and it was only the prelude to other researches never Like Cavendish, he was devoted to quantitative eeti- 

published, but of which some remarkable ^agments matjons of phenomena. 

exist amongst his manuscripts. Professor William His two greatest inventions were the btdanee o/^^^) 

Thomson, ''ho has lartly examined these, informs tortion and the proof plane. In the course of lu3|BQo,nf 

ne tliat they cont..Ji the experimental solution of strictly mechanical researches (which, as we havetonion 

pro^ems such as the following i " To compare the eeen in the chapter on Mechanics, Art. 339, Ate, were *i>d tha 

quantities of electricity on a spherical conductor, numerous and important) he ascertiuned the laws of Pf"**^ 

and a plane disk of equal diameter connected by a torsion. Within the limits of perfect elasticity, he 

long conducting wire." Cavendish found that the found that the force is as the angle of torsion of the 

sphere holds 1*67 times the electricity of the plate, wire or fibre, and inversely as its length. An almost 

a result exactly coincident with the deductions of indefiniteminutenessmay thus be attained in the mea- 

theory, sure offerees which may be balanced by the elastic tor- 

(872.) I mayhere (for the sake of biographical connection) sion of a wire. We have seen (Astronomy, § 1, Art. 

mn'»"l''** mention Cavendish's paper on the Torpedo, as a re- 156) how it was applied byMichell and Cavendish to 

i^l markable instance of the explanation of an obscure measure the gravitation of bodies. CouIomVs inven- 

torpedo. natural phenomenon, by the analogous efiects of an tion dates at leaet from 1784. By means of it he 

artificial imitation. The experiments of Walsh on the established (in a different and perhaps more aatis&c- 

Blectrical Fishes have been dted in the preceding Dis- tory way than had been done by Robison in 1769) that 

sertation. Cavendish undertook the bold task of prov- the electric and magnetic forces vary according to the 

ing, that all the external effects of the shock under Newtonian law ;* and with the aid of the " proof 

varied circumstances, might be reproduced by a com- plane" he obtained exact measures of the electric 

binatiou of Leyden jars duly protected. He made an tension on any part of an excited body. The " proof 

srtifidal torpedo, consisting of 49 jars in a frame plane" consists of a small gilt disk with an insulat- 

) For a fkrther account of Coalomb, ne th« chapter on Hachanla, S !■ 

' BmUm thii law, Coalomb exparimcntatlr protsd two othen of great importaDca : — 1. That the electrldtj of ati tleo- 
trifled condactor reiidee wbollj on lU lurfaer. 2. That tbe Interior of eocb a coodactor I* in a cooditioii abeolutdy nndUtnrbed 
hy tbe presence of other eiternel excited bodlea. 
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ing handle, which being applied fiat^wiie to the aur- the chapter on Physical ABtronoin;, Art. 99, Ata., Laplace, 
bee of an excited body takes off a portion of electri- for estimating attractions by a general method. Le- ""* ^'^' 
city, which is found in all caaes to be proportioned gendre's principles of calculation applied to cases of ""^ 
to the electric excitement of the part which it had the symmetrical diBtributiou of the attractive sub- 
touched; being then presented to the torsion balance stances, but Laplace escaped this restrictdon. The 
l^opcrly electrified, it shows by the repulsive effect problem is reduced to finding a quaatity usuiJly de- 
prodnced, the relative tension of the part of the noted by the letter V, called by some writers the 
body whence the »ampU was obtained. potentta^, for the ^ven bodyor suiface, the expression Pet«MfaJ. 
^^•'i In this maimer Coulomb determined the distiibu' for which may in each case be expanded into a series, 
tion of electricity upon electriRed spheres at and after the co-efiicienta of the terms of which (known as 
contact with one another; — on spheres inductively Laplace's co-efficients] are connected by certain rela- 
electrified, — on rods and plates and other figures; and tions which are evolved from the conditions of the 
his results, so far as they have been compared with problem. It was M. Biot first of all, but principally 
theory, give evidence of the care and skill with which Poisaon, who applied this method to electrical, and 
they were obtained, allowance being in all cases made subseqaeutly to magnetical phenomena. Poisaon, 
for the loss of electricity by imperfect insulation. He with great labour, succeeded in representing correctly 
also labonred with praiseworthy diligence to compare by analysis the conditions of some of Coulomb's ex- 
his results with the theory which he adopted of two periments on spheres and ellipsoids. £ut it must 
fluids, each attracting the particles of the other and be owned that the complication of the analysis, the 
repelling their own according to the Newtonian law. difficulty of applying it to any but the very simplest 
The^piniau theoryadmitsofonlyonefluid,but asit cases, and the considerable latitude of the errors of 
assumes a repulsion between the elementary particles experiment, rendered the results rather analytical 
matter it cannot be said to gain much in simplicity, exercises than solid bases for physical induction ; 
whilst the mathematical resulta of either hypothesis which may in some degree account for the manner 
are in general the same. M. Moaotti haa endea- in which Sir John I:*slie mentions them in bis Dis- 
voured recently to revive the view of Franklin and aertation. Poisaon (aa "^ have elsewhere remarked) 
of ^pinus, so as to include, after the manner of had not the talent of condnciing his mathematics in 
Boscovich, the entire mechanical properties of a fertile direction, and u»'.iaUy left the fields of ex- 
matter, p^mental physics oo' .>Iul1i he touched nearly aa 
(S7S.) The doctrine of attractions is a complex and difR- barren as he found il!'.„n. But this is no rea- 
^\^i^^ cult one even when the distribution of the attracting son why other mathematical reasoners may not 
attmctions luatter, as well aa the fundamental law of attraction, obtiun more pregnant rt«talts. We shall see in the 
ud repul- is known, fiut it becomes much more so when the next section that Gauss, a distinguJthed contempo- 
lion*. distribution of the attracting matter is itself the rary of Poisaon, by treating tlti; '.'^eat problem 
result of the very effect which it is the object of the distribution of the inagnttisp' nf the globe 
of the problem to discover. If two homogeneous (in many respects similar to those uf 'he iti-ory 
spheres attract one another, molecnle to molecule, by of electridty) with the utmost mathemfltical gene- 
the law of gravity, the problem is easy, provided the rality, has obtained results of greal novelt}' and 
matter be rigid, and the distribution of it therefore importance ; that he has not only ^ll.lwn ezperi- 
nnchanged; but if two such spheres be charged with menters how to proceed, hut has invented instm- 
the mobile electric /ui<i (using the term as a mere meuts for them to use. A similar step has not yet 
abbreviation], the case is very different, for now the been taken in electricity. Notwithstanding the un- 
electricity tends to shun the nearest points of each questionable beauty of Sir William Harris's methods 
sphere, and to accumulate itself towards the remoter of measuring electrical attractions {Phil. Tmn*. 
parts of their surfaces. The distribution of the 1834], they are little adapted for comparison with 
electricity, and also the repulsive effect at any point, theory, and Coulomb's experiments still remain the 
are both to be found simultaneously. The calcnla- standard ones on the subject. 

tions of Coulomb were inadequate (as has been said) Thetheory of Coulomb has, however, been ably g&- (STS.) 

to such a solution; he contented himself with comput- neralized by Green, a nearly self-taught mathemati- Writing! 

ing the effect of certain simple distributions which evi- cian of great originality, who died at apremature age. ^^ ^"^ 

dently lay on opposite sides of the truth, and com- In a memoir on electricity privately printed about ProfMwr 

paring them with the result of experiment. Thongh 1830 he generalized Foissoa's methods and ap-W. Thorn- 

any one such comparison might avail little, the plied them to a number of new cases. His paper"™' 

cumulative evidence of many imperfect comparisons was reprinted a few years since in Crelle's Journal, 

argued favourably for the truth of the hypothesis. To him I believe is due the term potential. Several 

(877.) At the very time that Coulomb was pursuing this continental mathematicians of eminence have added 

It* prln- inquiry, ]jegendre first, and then Laplace, were in- some steps to the theory of electricity, but probably 

° I " A\, ^^''^^E ^^^ improving those subtle and powerful the most important from ite fertility and simplidty 

(<o„^i„ mathematical methods at which we have glanced in is a theorem discovered by Professor William Thorn- 
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Blaetrieal ion of Glugow, for rtdwsng the electiical tthett <£ of allowing for it ; while Sir Airy and Mr Arehibald 

imagw. eteetrified ipberei upon poiata or other spheres with- Smith h&ve the merit of iqifdjing the Theory of 

out than to those of electrified points in oertain po- Magnetism to the caae in qnestion. Mr Aire's in- 

■itions replacing the spheres, which points, fi^m restigations may be fonnd in the Philotophietd 

eertaja analogies to well known optical formuln,' TraauactionM for 1839 and 1865 ; firom which it 

Professor Thomson has desigsated eltetrical imageg.^ appears that the efiects of local magnetism in a Tes* 

(879.) The mathematical theory of magBetism has re- sel may be speedily and efiectnally corrected for a 

ti'nofUi ^^^^ *'>>S')'7P">^^^<'PPl'*^^'>° '°^^ '^'^'^t^°° j^iven place by the us« of two permanent magnets 

tbeor; of "^ ^^^ deriadon of compass due to the local attrac- plttced in rects^nlar positions relatively to the com- 

niBgnai- tioD of ships. FrofesBor Barlow of Woolwich led the pass ; and by the use ^ a siass of soft iron in a third 

iim to yf^j jq attcmptii^; practically to correct the erron direction. But grave donhts still remain as to the 

^jp,i thence arising. But when ships began to be con- possibility of rendering such corrections permanent, 

compuNes. strncted almoat entirely of iron, the use of his " cor- and applicable in all magnetic latitudes. A great 

JIM. Bbt- recting plate" was found to be totally insuffident. step has, however, been guned by putting the power 

Air/° -'-" ^^^ Rey. th Scoresb^, practical navigation is of readily verifyii^ the compass conectiona in any 

indebted for many ingenious observations on the part of the world in the hands of evwy intolligent 

Bisgaetim of ships, and snggestiosis as to the meane captadn. 

§ 8. Professor Haitstehk — Baron A. ton HoiiBOLDT — Gauss — ^Major-General Sabine — Captain 
Sir J. C. Rosa. — Progreaa of our Knowledge of Terrestrial Magnetism m the present Century. 

(BBO.) I conld hardly have intentionally selected a more proposed the hypothesis of two pairs of magnetic 

^j^°t ehoracteristic example of the scientific progress of poles interior to the globe, of which one pair re- 

t„,.^i,[ the nineteenth century than the recent history of volves slowly. 

mmgiiBt- terrestrial magnetism, even had it not accidentally This hypothesis, little thought of at the time, (SRS.) 

^■■»- formed the closing section of this Dissertation. The and perhaps of little value except as a help towards H»lley'i 

combination of extended methodical research in ob- the formal represeDtation of the facts, appears to ^^^If-****' 

taining physical data, with mathematical skill in have been revived by Wilcke, a Swede, whose la-a),„t(, 

comparing them and in deducing from them the hours attracted the attention of Professor Hansteen 

most important results, bos been attended with first in 1807. M. Hansteen found the results of his 

merited success. I regret that the unforeseen extent own collections to coincide well with Halley's chart 

of this historical sketch compels me to touch with for 1700, and also with the hypothesis of four poles, 

great brevity on the leading points of this research, two in each hemisphere, one stronger than the other. 

(881.) Professor, OpsxEXOPH BR Hambtben, of Christiania, It results from these charts that the Line of Na Va- lAm of 'So 

Frofwnr in Norway, i the person who has given pro- riation, which, in 1600, formed a remarkable arch- v»ri*tloii. 

^^f*"" bably £he greatest impulse in recent times to like curve, stretching &om the Gulf of Mexico to 

tuBrntAa- ^^ ^orts to methodize the facts and laws of near the North Cape of Korway, then descending 

Xrdt. the earf-'s magnetism, H. Hansteen was born through Central Europe to the Gulf of Guinea, had, 

26th September 1783, and is Professor of Astro- during the seventeenth and eighteenth centuries, be. 

nomy in the TJnivcrBity of Christiania, and Direc- come gradually flattened (having passed through 

tor of the Observatory. HIb dissertation, entitled Paris in 1669, and through London twelve years 

Magnttigmus der Brde, published in 1819, which earlier), and at present this part of the line of No 

received a prize from the Royal Danish Academy, Variation is confined to the American continent and 

recapitulated all the authentic facts obtained by neighbouring seas. Another and more compUcated 

voy^ers and others from the earliest times. It branch of the same line traverses the Pacific Ocean, 

VuikttoD will be recollected* that Halley had represented making a complex serpentine track through Eaat- 

^^j^ ' the magnetic variation at different parta of the em Asia and Siberia. The line of No Variation 

globe by lines traced on Mercator's chart, and may be expected to pass through those points of the 

passing through all places where the variation earth's suriace towiuds which the needle converges, 

(or declination) of the needle from the true north which are sometimes called the magnetic poles (of 

was equal ; and being well aware of the progressive which more presentiy), and of which M. Hansteen 

(or secular) changes in the course of these lines, he concludes the position to be as follows :' — 

> CmAridgi JfaUWwaKeoJ Jmntai, ISSa 

■ See Fidfa DinertetioD, p. 741. 

' From H. Eui«tecn'> rtitnt paper on the Seculu' Chuge of the Dip {Cnpmhajtit, IBSS). la thii iagwtiona mcniolr it i* iD- 
ferred, with contidersble plmu>ibillt]i, tbat tbe annaBl dimiontlon of Iha dip ii dMnatbtg, Mid cOoMqaently thit a. mintaam at 
dip irill occur in Europe befora tbe cIom of thli ccatory. 
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Dlit.rnB lMait.E.rrom Annnkl VkrikMan 

FolaDrEuth. OrHtiHicli. In B. LmilUid*. 

pMltionaf ]!r,or(tr(n{[Mtllortharnpal«(N.Ainarlei),foTlS38 25° £7 SSO* IB* + IS'-G 

BUgnMic w. or WMkMt northMD poU (BilMrik), for 1B£9 7 ST 114 33 -t- 48-4-0'-lS3(t-lB(n]* 

oentneor S, orttrongMt loathani pole (& frem Autnlfft), for 184S 21 S 181 SB — 4-0 

polM. 1, or WBkkMt Mmthern pol* (S. from Tlem del Fnego), for 184S. ]d G3 S16 Sfl —16-0 

* ( dtaotM th« enmnt jMr. Thlir«aalt»ppsBrs rarj unoertUn. It glyaa kbont -l-ff'S of anniul chuge *t tha pT«Mnt Una. 
Tba lathndd of than " polnti of ooiiTargwice u« >]m> f krjrlng. 

Vuiation maps of & di^rent kind have been con- towardfi the middle of the last centm; ; bnt iba ex- 
Btnicted by ihe French Admiral BuperreT, in which ploration of its TBriation on the earth'e anrfacfl wu 
the actoal diiection of the needle is represented by first attempted by the officers of lAp^rouse in 1786> 
arrows. The above positions of the m^netic poles and later by De Rossel. But it was Barcm Hum- 
wore dednoed by Mr Hansteen from the apparent boldt who, at the inatigatioa of Borda,i undertook 
eonretgency of the magnetic needle towards those the earliest observations which have had any perma- 
four p«nts. The earlier observations appear to be nent influence on this branch of science, and who in 
more precise than might have been expected, the first years of this century determined the rela- buoq 
(833.) Pn^sor Hansteioi also constructed charts of the tive intensity of the earth's magnetism at Puis and Ham- . 

Linei oT |jj,Qg ^f equal dip. In certain positions between the at the magnetic equator in South America, to be in '"■'dt'i 
^* tro]»cs the dip is nothing, or the freely suspended the ratio of 1'3462 to 1-0000 ; ' a result whidi has *" *" 
magnetic needle remains horizontal. The line ooni- become, so to speak, claBsical, and which the author 
necting these places is called iba m^netic equator, considered as the most important result of his jour- 
It ia an undulating line inclined somewhere near 12° ney,' M. Hansteen promoted the same enquiry ex- 
or 13° to the terrestrial equator, and cutting it in tensively ; he devised a neat and conv«iient apparatus 
two points not exactly opposite, but in about S° 20* for counting the oscillations of the needles, and he 
and 174° 30* of east longitude from Paris, according investigated the eflects of time and temperature in 
to Admiral Duperrey's observations in 1826. The altering their magnetism.* He made nnmerous ob- 
position of these nodes is, however, variable. The servations in the north of Europe, and finally under- 
north end of the needle (as ia well known) dips took, between 1BSE7 and 1820 (l^ the liberality of 
more and more in the northern hemisphere, until the Iforwegian parliar>i< . : or Storthing), an adven- 
in a cert^ place it becomes vertical, where thwe- turous journey into SiL'^riT. for the purpose of exa- 
fbre the horizontal component of the magnetic mining the "r^on of c^n '<^rgonce" of the needle in 
force is nothing, and the common compass loses that quarter. His account <-,f his journey baa most U. Brman. 
altt^ether its directive power. Similar phenomena unfortunately not been puiiished; but his oompa- 
occur in the southern hemiaphere. Lines of dip nion, ProfesEor Adolphe Snaan, hu given the main 
of 10°, 20°, &c., may be drawn, and wherethedip results, together with exteneive obsir.ations entirely 
is 90° there is a true magnetic pole. The best obser- his own.' This was the first magneticnl expeditioD 
vatioDS seem to show that there is bat oim such true of any magnitude, and of a national charai;Tr.r. K 
pole in each hemisphere. yields in importance to none which have sucked- 
(SS4.) If we define as " pole" a spdt where the needle ed it, 

Borth points vertically (which is the signification adopted The magnetic intensity then increases from the (sat.) 

Anaricui ^^ (J-auss and others), these points do not ooin- neighbourhood of the equator towards the Arctic Dlairlbo- 

elde vrith those of greatest intensity. On the 1st Regions, and there it has two foci uf greatest inten- 1**^^^ 

June 1831, Commander Boss (now Sir James sity. A similar arrangranent occurs in the BOttttiem 

Clark Boss) attained the true magnetic pole in the hemisphere, and these four points of maximum at- 

Korth American continent in lat. 70° 5' 17* N,, and traction or convergence of the needle constitute the 

long. 96° 45' 46' W: The dip of the needle was " poles" of Halley and o( M. Hansteen. To M. 

sensibly 90°. Hansteen we are indebted for the first good ap- 

(8S6.) A third element not less important than Variatiou proximation to a general chart of the lines of equal 

Magnfltio and Dip, though more lately brought into notice, is intensity. 

lountity. theIntensityoftheearth'smagnetiHn,andtothiiFn>- The supposed diminution of the magnetic inten- (BST.) 

fessor Hansteen directed spedal attention. That the sity as we recede &om the earth's surface has been D>>>>ina- 

intensity of the earth's directive force may be mea- repeatedly made the subject of experiment. The ^^Btto 

Bvred by counting the oscillations of a suspended insulated experiments of Gay-Lussac in a balloon luteniUy 

magnet in the same way that a pendulum measures (630), and of M. Knpfier at Mont Elbroutz, led to with 

gravitywas known to Graham, Lambert, and others, no c<Hiclasive result. From a numerous series of''*'^'^ 

1 8m K/tmei, vol. L, not« ISB. 

* Oq tb* nm* acale th« loMiiittj at London ij l'37aO. * Sw fonuv, hU. mp. 

* 2>« JTatalnmiiNJ Virgas MofntUtm, 1349. 

* Bm hli LinM Of Equal VuiaUoD, r^nidaeed In tb« Bi^at Boda^'s " Baportoo Pfaydca and H«twiMdo«y, 1840." 
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carefnl observationB made in the Alps and Pyrenees widely known as science is cultivated. The aidonrBtran 

with Hanateeu's apparatna, and studioualj corrected of his love of nature, the compTehensiTe interest which "^'^^ 

for temperature, the present writer has found a he takes in every department of knowledge, and the t^^dt. 

diminutiou of one-tbonaandth part in the horizontal generosity of his diapoaition, in combination with the 

intensity for a vertical ascent of about 3000 feet.' fortunate accidents of an unuaually vigorous constitn- 

(8BS.) Such are the general features of the distribution of tion, and an eminent social position, have combined 

ViriBtioai the magnetic force upon the anrface of the globe. But to place him in the foremost rank of natural philoeo- 

^V"*^ from an early period the magnetic elements for the phera. 

n^t*. same place have been known to be variable. Such He was bom on the 14th September I7fi9, and (893.) 

deviations from constancy are either — 1. Secular; 2, consequently is now (1856) in his 87tb year. He^'**"*y 

Periodic ; 3. Irregular. All the three magnetic ele- was a pupil of Werner in 1791, and devoted consi- trav^.*" 

menta (Variation, Dip, and Intensity) probably par- derable attention to metallurgy. An early longing 

— I. aaco- take of these changes. The westerly Variation or De- for foreign travel seems to have foreshadowed hia 

'"■ clination had tilllSlSbeenincreasiDginEurope since future career, but political circumstances were, to- ''jP 

the earliest observations. This reanlts from a com- wards the close of the last oentary, eminently un- 

plicated movement of the line of Ko Variation and favourable to its accomplishment. Hia celebrated 

its companion curves. While their common centre jonmey to Southern and Central America (nnder- 

or pole in North America baa been alowly advancicg takenafter the failure of several other schemes) lasted 

towards the East, a considerable portion of the sys- from June 1799 until August 1804. We may, per- 

tem of curves in this quarter of the globe has been haps, be allowed to regret that an impression of the 

proceeding in a south-westerly direction nearly in a duty of presenting to the public the results of that 

line joining Spain with South America, thus produc- interesting journey in their most complete form 

ing a complicated rotator; motion of the lines of Va- should have absorbed the leisure of so many of his 

nation, of which the first effect tros to extinguish the most vigorous years, and should have withheld him 

singular loop in the curve of No Declination (in- from other and stilt more important enterprizes. 

olnding a space of easterly declination) which is From 1806 to 1826 Baron Humboldt resided mainly 

shown in M, Hansteen's chart for 1600 to have in Paris, in the most intimate companionship with 

occupied a large port of Western Europe.* About Arago, who, though much his junior, boa predeceased 

1818 the needle began to retrograde towards the him. He then took up his residence at Berlin, in 

eaat in this part of Europe. The dip has been dimi- compliance with the wish of the King of Prnasio, and 

niahing in Europe since the earliest observations. he soon after delivered there a course of public lec- 

(689.) Crraham discovered the Diurnal Variation of the tures on Physical Geography which formed the basis 

—2. Dlur- (Jonipass. It occurs in a reversed direction in the of his remarkable work entitled Eotmot, the compo- 

southem hemisphere. Hear the equator (as at St sition of which has formed the chief occupation of his 

Hel^ia) llife. needle partakea at one season of the vigorous old age. In 1829 he made a rapid but in- 

sorth^ni character, at another of the southern, de- teresting journey into Asiatic Russia, important in 

pending on the position of the sun. its results, yet imperfectly carrying out the ardent 

(S90.) ^^ Baron Humboldt aud to Arago we are prin- aspiration of his early years to unfold the marvellous 

—3. Im- cipally indebted for a knowledge of great and cafni- physical peculiarities of the Eastern continent, 

gnl*'- cious fluctuations of the magnetic elements occurring Baron Humboldt has contributed more to Physical f^*;? 

simultaneously over vast r^ons of the earth. These Geography than any other man now living ; and that, jn'phjd^ 

have been called magnetic storms.* They are often not only by his individual efforts, but by the direction oeograpby. 

connected with auroral appearances. and encouragement which he haa given to innumer- 
able travellera and naturalists. Hia career seems to 

(891.) Next to Professor Hansteen, science is mtunly in- have been more closely modelled upon that of De 

debted for the recent great extension of our know- Saussure than of any other of his contemporaries or 

ledge of the facts and laws of terrestrial magnetism predecessors. Those branches of Phyaical Geography 

to two illuatrious German philosophers, Boron Alex- which admit of numerical treatment seem most con- 

ander von Humboldt and the late Professor Gauss. genial to him ; and he has left more of the impress 

(882.) r^\^^ name of Albxahdbk tor Hvmboldt ia as of his personal inflaence upon the sdencea of Meteor- 

' Edinburgh TnnnctiDiis. vol. xlil. 

' M. Arago |{lvu, no doubt, ta aTToneoiu ImpraMion In ttaling tlwt tlis irntarly morsnient of the liua of TSo I>eclliistioi] lut 
eurlgd it In 300 ya.n fMm Puii to Philadelphia. Yet I cannot labraribe to tfaa oplntoa of bii abla commantnior that the 
Loopof No Dacllnatian wbtcb pamd over Europe in the aevonteeDth century mcved aaaCwardi, and may itill ba traced in Aaia 
— (Britiah Anociation, iV'^ ^^W*^' P' 83; Axigo't MtUorvlagieal Euayt, tranriatad, p. 330). I eonceiva that, aa atated In the 
text, thg loop moved aoatb-weatwarda, becana incceulvely an oral and a ^gular p^t, and wai finally worked oat pTaviouily 
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Bum oIc^ and Maffnetisin than upon any oUters whiek he gon of 17 ii^B within a circis ; the only extension 
Hum' cnltivated. Hia ctmoepdon of IsoAermal lAntt and of geometry in this direction Bince the time of Euclid, 
MetMu^ his treatmait of the subject of Climatology in his re- HIb Tkeoria MaiAi Corporwn Caiestium, published 
logy—lM). maxkable p^ier of 1817' gave a new impulse to the in 1809, is a very remarkable treatise on the geomo- 
tlrenul former subjecL His magnetieal obserrations in his trical theory of the planetary orbits ; in which it 
"^ Toyage to die ]E!quator havtf already been adverted to. was shown for the first time how the elliptic ele- 
D.Besides this we are indebted to Baron Humboldt for ments of a heavenly body may be deduced from 
directing attention to the simultaneous and seemingly three observations only of longitude and latitude, — 
■ccidental disturbances of the magnetic needle which an important extension of Newton's celebrated de- 
take place over vast portions of the area of the globe, monstration in the case (^ parabolic cometary orbits. 
He oommenced observations on this subject in con- In the same work the method of leait tquaret 
junction with M. Oltmanns as early as 1806 ; and (65) was lully unfolded in its applications to astro- 
during his residence in Paris he no doubt encouraged nomy, 
^ hii friend Arago in those elaborate observations on These and many other important labours all con- (B98.) 
the hourly variations of the needle which, to the nected with the higher matjiematics, had obtained l^*>™"=*"^ 
irreparable loss of sdenoe, remained unpublished for Gauss an exalted place among the men of sdoice^^^ 
whilst they might have been most useful.' In 1829 of his time, long before he commenoed those re-naUm. 
simultaneous observations were made in Germany searches on Terrestrial ]S(agnetism, in virtue of 
and Bnsaia, and compared by UM. de Humboldt, which his name is introduced into the present seo- 
Dove, and others, with interesting results.* It is tion. It can hardly be doubted, however, that by 
jwobable that the results then obtained instigated these — scarcely b^un before he had entered on his 
Gaoas to the enlarged enquiry to which I shall imme- 55th year — he will be hereafter chiefly remembered. 
diately refer. M. de Humboldt had already addressed His first work on the theory of mt^edsm* was pub- 
the Ruesun Government on the same subject, sug- lished in 1633, and excited very general notice, as it 
geatingtheregistrationof hourly observations in their contained a remoiiable application of the Theory of 
vast territories I and these, the first systematic ob- Attractions to tli<^ <li.itiibution of magnetJsm in a 
■ervations of the kind, have been continued ever Steel bar, a singului!;' ingenious and rigorons proof 
since. The suggestioa of " Term Days" of continuou* of the primary law uf the mmnetic force, and like- 
registration of the Declination Needle was also due wise a new and practirini application of a suggestion Magnetio 
to Baron Humboldt. In 1836 he addressed the thrown out by.PoisEoi) of a method by which the '^^^ '° 
President of the Royal Society of London on the same m^;netic directive force of the eorth itself may be m,„„P,_ 
sabject, and his letter formed the basis of the extea- expressed in absolute n 3r.-ure, irrespectively of the 
aive undertakings which have formed the contribu- constancy of the magnetium in ihe I /r which is in 
tioo of the British Government to this great enquiry, the first instance used to etti.-'a^eii. Fort) :■ purpose 
(895.) Baron Humboldt still lives at Berlin, enjoying the twokindsofobservationarerequiroil.-^'lst d; "ibrat- 
reepect of all who know him, and the distinguished ing a needle or barof known weight^and din.-!ii-!o, ', 
fitvoor of his Boverdgn, and observing the time of ita osdllation, the f'roe 

pulling it into the meridian is ascertained in terms 

(8B6.} ColL FaiBnaicR Gacbb, late Profusor- of Astro- of the ordinary dynamical units. The time depends 

*°^ nomy at Giittingen, belonged to that group of cele- jointly on the magnetic force of the earth, and on 

brated geometers who illustrntod the commencement that of the bar, or it varies inversely as the 'produot . 

of this century, and of which he was for some years of the two, 2dly, Another bar, B, is suspended like 

the last survivor ; but he too has now passed the first. A, in the mimetic meridian. A is then 

sway. brought to act upon B, so as to draw it permanently 

(B9T.) Gauss was bom at Brunswick on the 30th April out of the meridian. The position in which B rests 

yjjj^'^ij 1777, of humble parenU, and waa indebted for a determines the ratio of the m'l^etic force of the 

mathanu- liberal education to the notice which his talents pro- earth and of the bar A. But quantities whose pro- 

ticklwDTki. cured him from the reigning duke. His earliest (JuetandwhoBeratioaregiveninknownmeasures,are 

ori^nal researches were in the theory of numbers, also known ; whence the separate intensities of the 

His iKagwttttioTMW Ariihmetiea were published in earth's and the bar's magnetism may be eliminated.' 
' 1801, and were as profound and original as they Having thus ffurly entered on a career of mag- <9W.) 

have always been considered obscure even by those netic experiments. Gauss proceeded, in conjunction J^ *^^*3 

devoted to such studies. Gauss demonstrated the with an experienced physicist of Giittingen, Professor gtrumenu 

possibility of geometrically inscribing a regular poly- Wilbelm Weber (420), to invent new apparatus for 

1 Hcmoirai d'ArceoU, tarn, ili., p. 462, * Potthonuniily pobliitwd in bia (Ba<rrf. 

■ Sm kbttraet in BAIiotktfnt Viuttrtttt, Ao&t 1832. 

* Alenrilu *it magntticm terratrit ad auiuant* atioJMan mwcato. Oott 1S33, 

* ThB wur n/jbtva to which Uum latenaltlM »r« nfarr^ U Uiat forea (in gnlat) which sotiDg on oidt of bmm thion^ nnlt 
ot time (a Mootid) gsneralM in it unit of velocity (> foot). 

VOL. 1. 6 K 
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obaerring tlie earth's magnetism and ita changes. 
The instrtunentB devised by them were a De- 
clination Instrument and a Bifilar Magnetometer. 
The first is a heavy magnetised bar some feet in 
length, Buspended by a bundle of parallel silk fibres. 
It is ealFered to place itself in the magnetic meridian, 
and the small ^splacemeuts due to hourly, annual, 
or irregular fluctuation, are ascertained by viewing 
with a telescope the reflection of a fixed scale of equal 
parts placed at some distance in a small mirror 
which is attached to the magnetic bar. The bitilar 
instrument is for ascertaining changes of intensity in 
the earth's mt^etism. It is a bar like the last, sus- 
pended by two parallel threads or wires. By twist- 
ing round the points of doable suspension, the bar 
is forced by tension into a position at right angles 
to the magnetic meridian, where it is held in 
eqailibrium by the force of the earth's magnetism, 
and that of the torsion of the wires. Supposing the 
latter force to be constant, if the former vary, the 
bar will change its position, which is observed by the 
mirror and telescope as before. 

To these instruments, Professor Lloyd, c^DaUin, 
added another for measuring the vertical component 
of the magnedc intensity. It is a magnet suspended 
horizontally on knife-edges like those of a balance. 
Its deflection from the horizontal line indicates va- 
riations in the vertical portion of the earth's mag- 
netism. 

The dip is determined in the usual way ; the vo- 
riatiotu of dip, however, are ascertained by comparing 
the variations of horizontal and vertical intensity. 
G-anss did not content himself with suggesting 
Th« dot- new forms of a-wf^mpaa, and recommending them to 
*'°'"'il ^^^'- Wvlh-fhe active assistance of M. Weber, he 
otMerTk- eiwjte^in 1833, at Gottingen, a magnetic obsefva- 
tiou. toryfree from iron (as M. de Humboldt and Arago 

had already done on a smaller scale], where he 
watched with patience the incessant movements of 
the newly-constructed needles or bars. It was &om 
the same observatory that he Bvat telegraphic 
signals to the neighbounng town, thus showing the 
practicability of an electro-magnetic telegraph (866). 
He farther instituted an association (magneiUchtr 
Varein), composed at first almost entirely of Ger- 
mans, whose continuous observations on fixed Term- 
days extended from Holland to Sicily.^ The marvel- 
lous coincidence of the occurrence of even the minute 
irregularities of the earth's magnetism was thus 
more fnlJy established. 

The Mathematical Theory of Terrestrial Magnetism 
of Gauss* is intended to replace all arbitrary assump- 



(900.) 



(901.) 



(902.) 



(903.) 



tioQs whatever as to the distribution of mognetiBm Qann'i 
in or over the earth. It proposes to express by an "'«*l'ein»- 
empirical law, involving as little of hypothesis as oftwr^^ 
possible, the direction of the freely suspended mag- trid mag- 
netic needle and its directive force at any point of the "ffix"- 
earth's surface, the data being of course derived &om 
a limited number of observations. 

The theoretical assumption with which Gauss (^^-i 
starts is merely this, — that the elementary force of 
magnetism varies inversely as the square of the dis- 
tance, and that it is distributed over the matter of 
the terrestrial globe in a way or according to a law 
presumed to be entirely unknown. 

Following up the methods employed by Laplace (90G.) 
and others, for representing the attractions of "^"^^^n- 
sphere or spheroid, he proposes to discover the form tttrMUou. 
of that remarkable function (sometimes called the 
PotentUUy whose difiereutial coefBcieuts express the 
resolved components of the total magnetic force. 
This quantity V, and also its differential coefficients 
(representing the attractions in given directions), 
may always be expressed by a series with indetermi- 
nate coeffitdents, which is known to converge more 
or less raj»dly ; and since the component forces 
or attractions are given by observation, the coeffi- 
cients of the terms of the series representing them 
may be deduced from a comparison with the data. 
The convergency is great«st if the magnetic matter 
be disposed towards the centre of the sphere, least if 
it reside near its surface. 

Betaining quantities of the fourth order, there are 
twenty-four constants, which, rigorously speaking, 
may be deduced from complete observations of the 
three magnetic elements (888) at only eight stations 
anywhere situated on the surface of the globe. With 
great patience and skill. Gauss collected as many avail- 
able data as possible for determining these constants 
with accuracy, and he thence deduced by calculation 
the values of V, those of the declination, horizontal 
aud vertical force, and that of the dip for all points 
of the globe. The beanti&l charts which he caused 
to be constructed show a remarkable general ac- 
cordance with the complex facts of magnetism as 
then known. But in many instances more accurate 
data have since been obtained applicable to the im- 
provement of the empirical theory. Perhaps the 
most surprising fact whidi Gauss considers to be 
demonstrated is this, that the average amount of 
magnetic force associated with every eubie yard of 
the earth's volume (suf^tosing the disfaibution noi- 
form) is equal to that contained in six saturated steel 
bars each a pound in weight. 



(906.) 



1 The volamw of th«lr pabllcstlona, from 1886 to 1839, cont^ mneb InttrMtlog infbrmatioa on tha hbtor; of this snbJMt 

■ JI^HMHU Tluarit do BrdmagnMnHU. LaipdK, 1839. 

• Sm Art. 877. Thli ftindion V r»pr««ent* the integnl /-^, wero dm U Iho sttnctinr or MpsUlng •l«m«iit, aaA f its 
dillance from thB point acted on. Sana repnarata In hla charti the valnaa of tlm fiuieUon V at dilhruit point* of tha Mrth** 
anrftca. Tb> llnM of aqiial ittaua of V an aT«T7«ban perpndlcnUr to tba dlraotian of Ifaa nwdla, and tha Avrumtal IntM^ 
sl^ ia invanely aa tha dlitance iMtwaea two adjacent lints. 
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On the whole, it is no ainall praise to aay that the 
great geometer of GSttingen occupies the same tank 
in the theoretical science of terreBtrial magnetiam aa 
Kepler did in the theory of aatronomy. That a per- 
son deroted for the greater part of his life to pnranits 
connected with the moat abstract geometry, shonld 
have at last thrown himself with so much zeal into 
the practical solulion of a complicated experimental 
problem, is a circumstance as rare aa it is praise- 
worthy. Gauss lived long enough to see his methods 
adopted all oTcr the world, and his name honoured 
. amongst every uvilized people. Gauas died at Got- 
tangen (where he had resided since 1807), in great 
tranquillity, on the 23d February 1856, in the 78th 
year of his age. 

But to obttun the data of the empirical theory with 
exactneaa, it is evident that expeditions fitted out ex- 
pressly with accurate apparatus, and directed at onoe 
to many paints of the habitable globe, are indispen- 
sable. Fowerfiil governments can alone effect this ; 
and to Baron Humboldt is due (as has been shown) 
the pToiae of having vigorously pressed the import- 
ance of these upon the governments of England and 
of Russia. The vast marine resources of the former, 
and the peculiar magnetic intereat of the stupendous 
Aaiatic territory of the latter, rendered their co- 
operation highly important. In the result. Great 
Britain has accomplished by for the larger share of 
this vast enterpriae. 

To Major-General Edwabd Sabute, of the Royal 
Artillery, ia mainly due the judicious management of 
theae magnetic explorations, and the speedyand skilful 
publication of their interesting results. During the 
course of an active life he has enjoyed opportunities 
of making extensive observations with magnetic ap- 
paratus and with the pendulum (238) throughout a 
great range of latitude. TTin experiments (carried on 
principally between the yeara 1819 and 1826) were 
made in Brazil, the coast of Guinea, Spitsbergen, and 
Arctic America. His observations on magnetic inten- 
sity are particularly valuable, and first indicated the 
poaition of a region of maximum intensity in Korth 
America considerably to the south of the magnetic 
pole as indicated by the dipping needle. To him 
we also owe a valuable Inteneity Chart of the Globe, 
and a Magnetic Survey of the British lalands, pub- 
lished in the reports of the British Association for 
1836 and the two fbllowing yeara. 

But his efforts in promoting and directing the 
ayatem of national magnetical research set on foot at 
Baron Humboldt's instigation are of still greater 
importance, to which, in its earlier stages, the exer- 
tions of Dr Lloyd (G60) were also of essential service. 
Although seconded by young, able, and enthusiastic 
(^Boers of the service to which General Sabine be- 



longs, the difficulty of starting simultaneously sys- 
tematic observations (with instroments new and little 
understood, and dispersed to the widest possible ex- 
tent over the snr&ce of the globe), was evidently very 
great. Canada, St Helena, the Gape of Good Hope, 
and Van Diemen's Land, were selected for primary 
stations ; and the vastiy voluminous results of hourly 
or two-hourly observations of numerous instruments 
continued year by year came pouring in to the central 
establishment at Woolwich under General Sabine's 
presidency. Besides these, several nautical expedi- 
tions were fitted out for similar purposes, the most 
important of which was sent in 1840 under the direc- 
tion of Sir James Clark Boss to approach as nearly CaptUo 
as might be to the Antarctic Pole. This voyage, whe-^^-*'* 
ther in respect of the spirit of adventure displayed, 
the wondOTfiil character of the natural objects re- 
vealed by it for the first time to human view, or the 
importance of the scientific resulta obtained, may 
rauk with any of our memorable polar expeditions. 
By the (ud of an ingenious instrument contrived by 
Mr Fox, trustworthy magnetical observations were 
made on dip and intensity (as well as on declina- 
tion) even in the open aea, and thus the area contri- 
buting to our knowledge of the earth's magnetism 
was vastly increased. The results of these researches 
properly reduced have been gradually laid before the 
world by General Sabine in a series of memoirs of 
the utmost interest, contained in the PhUotophieal 
Traruaeliont &om 18^' to the present time. 

With r^;ard to .. 'geographical phenomena of (SIl.) 
m^netiam, it may now b.^ mferred almost with cer- Q*ogT«>- 
tainty that the position of tk Antarctic magnetic pole ^^^ 
is in a region hitherto iaacct.iisible, and to the south eQp,,^ of 
of New Holland, placed son^\There nrr longitude intMislty. 
Ifi0° B., and probably not lyithin 17° of tti pole of 
the earth, a latitude which waa reached by Sir James 
Ross in a longitude somewhat farther ea^' It ap- 
pears also that in the aouthem is in the northern 
hemisphere there are two centres otnreate.^i intensity, 
round which the curves of equal intensity I'orm ovals, 
and afterwards loops like lemniscates. Tli.' :itronger 
magnetic centres of each hemiaphereaie iL.'ir, though 
apparently not coincident with, the two pviprr nW- 
netic poles. The following numbers approxiim.t _ly ro^^-.~_^^^ 
present on a scale of ab«oIuM intensity (898), in which ^v 
the grain, the foot, and the second are units, the 
magnetic force at the four centres just mentioned ; 
the second column contains the corresponding values 
on Boron Humboldt's scale, mentioned in Art. 885, 

AtmlDte. Om HuboMm SoiU. 

In 5orth Amerios . . . 14-9 ... 1-6S 

InSllMTU, 1»3 ... 1-76 

Sonth fron Ntw HoUand, . lS-14 ... S-00 

llMotiiwAntuetieBaDtra, 11-9 ... 1-97 

The absolute intensity at St ^leno, which is not&r 
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fiponi thfl nunimiiiD, is 6'4. Ibtae obMrvati<uu «Iio enmnta may, in part at loaat, be of a tlieniUk«lMtri« 

tfUlj confirm the pioffnuiTe motion of tlw vhole oharaeter, or the effects may posaiblj depend upon 

STstem of magnetic lines on tbe snifaoe of the the direct demagnetiBing influence of temperature, as 

globe. Dr Faraday supposes (830). The secular magnetio 

^19.) In Europe national, and even private, obserra- changes will probably ever remain the most nsae- 

'""^d^ tones have contribnted largdy to onr knowledge of coontable. The greater portion of those which are 

oiH^a- ^^ ^^^ ^ m^netism. Among these obserratories obviously periodic seem to depend upon the position 

Mrio. may be mentioned Greenwich, Dublin, JU&keistoun and effideacy of the sun in its apparent diurnal and 

in Scotland, Uuni^, Prague, Brusaela, St Peters- annual course, having their crises at certain hoars <^ 

bnrg, and the numerous other Russian stations. At the day, and certain seasons of the year. It is un- 

Qreenwieh and at Kew, near Ltmdon, the automatic derstood that the most recent researches leave little 

T^istration of magnedcat and meteorolc^oal instru- doubt as to a like influence arising &om the moon's 

ments, by means of phot(^ra[^y, was introduced by position.' It appears also to be indicated (although 

Mr Brooke and Mr Bcmalda. It wonld be impoesi- the indnctioti is perhaps yet iooomplete) that the 

ble in this place to give even a summary of the re- dioraal changes, and also those of a capridoua and 

suits obtained &om these and the Colonial estab- irregular character (magnetic stonns), have a period 

lishments. Besides the valuable deductions by of greatest and least intensity of fluctuation extending 

0«ieral Sabine already referred to (9 10), the careful to about ten years, a miuimum having occurred in 

analysis of the formal laws of magnetism obtained at 1843, and a maximum in 1848. This nearly coio- 

theirreapectiveobgervatoriesbyM.Lamont.M.Kreil, cides with a period of greatest and least abundance 

and Mr Broun (Sir Thomas M. Brisbane's observer), of the solar spota detected by M, Sc^wabe, and it ia 

merit specddl notice. possible that there is a real connection between the 

(013.) The primary cause of the earth's mi^etiam re- phenomena. The first recognition of a ten-year mag- 

^P*"- mwns involved in the greatest donbt. That it is due netic period appears to be due to M. Lamont, that of 

nuumeUo *^ electric currents, and not to permanent magnet- a probable concurrence with the frequency of solar 

petiodi on inn, is at least jnobabie ; and it is likely that these spots to General Sabine. 

* WU]« toiTMting (bn pTMt of this pige, I tuva racalvsd bd InlenrtlDK paper b; Onmal Sahliie (Fiil. Trcau^ 1806), ia 
which the depandenec of tha Tuloa* magiMtlc ilemants on tha moon'i dinniBl place ii dedncad ttom * vary large Dumber of 
obterrsUont. 'Hie change of decBnatloiilii the conr«a of the butar dag amoonti to abova 38''. 



; AddUiM to Art. 283, pagt 860. 

The J^^dlowing Ii a oontinoatioii of the Uat preTloutly given of the imill Plaoatii-- 
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